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I.  SUMMARY 


Contract  DA  44-177 -TC-584  with  the  Army  requires  that,  in  addition  to 
bimonthly  technical  progress  reports,  comprehensive  reports  of  major 
phases  be  prepared  and  submitted  to  the  contracting  officer.  Previous 
reports  submitted  under  this  requirement  are: 

X353-5  Fan  Design  Report,  May  1960. 

TREC  60-42  Phase  I  Test  Rasults*;  Static  Tests,  Fuselage  Mounted 

X353-5,  August  1960. 

TREC  61-15  Phase  II  Test  Results*’  (Partial):  Wind  Tunnel  Tests, 

Fuselage  Mounted  X353-5, 

3  Volumes,  April  and 
October  1961 

This  is  the  required  report  for  another  major  portion  of  Phase  II  Con¬ 
tract  work  based  on  results  of  static  tests  of  53  hours  duration  con¬ 
ducted  on  the  X353-5  mounted  in  a  10%  thick  wing.  All  testing  was  per¬ 
formed  at  the  contractor's  plant  at  Evendale,  Ohio.  The  report  Includes: 

-  Descriptions  of  the  test  vehicle,  facility.  Instrumentation  and 
equipment  (Sections  II  and  III) . 

-  Test  procedures  and  results  (Section  IV) . 

-  Analysis  of  test  results,  conclusions  and  discussion  of  any  pro¬ 
blems  encountered  (Section  V). 

-  Hardware  Inspection  results  (Section  VI). 

-  Program  reconmiendations  (Section  VII). 


Reference  1 
Reference  2,  3,  and  6 


I 


The  basic  test  data  for  every  test  point  are  tabulated  in  Appendix  A. 
A  few  items  of  summary  follow; 


Fan  operating  time 
Data  points  recorded 
Range  of  variables  tested: 

Fan  speed 

Exit  louver  angle: 

Vector  =  P^) 

Stagger  (p^  =  ^2  "  ^1^ 

J85  engine  speed 
Diverter  Valve  temperature 
Diverter  Valve  slew  rate 
Pitch  maneuver: 

Angle  of  attack 
Angular  velocity 
Divided  flow  (fan/J85) 

Throttle  transients 
Wind  velocity 

Analyses  of  the  results  are  presented 
hover  performance  out  of  ground  effect 


52  hours,  51  minutes 
554 

0  to  2640  rpm  (lOOZ) 

-15*  to  +44* 

0*  to  30*  stagger  angle 
0  to  16,840  rpm  (102Z) 
Maximum  of  1400 *F 
1  to  13  seconds 

-15*  to  +15* 

0.37  and  0.52  rad/sec. 
0/100,  25/75,  50/50,  75/25, 
100/0  -  nominal  settings 
1,  5,  10  and  60  seconds 
0  to  17  miles  per  hour 

in  considerable  depth  defining  fan 
and  variations  with  low  wind 


velocities,  comparing  performance  of  various  exit  and  inlet  configurations 
including  a  repeat  of  the  fuselage  inlet  tested  during  Phase  1  work, 
interpreting  transient  performance  resulting  from  throttle  changes, 
diverter  valve  actuations  and  pitch  maneuvers  and  identifying  the  fan 
noise  characteristics.  A  few  items  of  performance  conclusions  are  listed 
below ; 


Aerodynamic 

-  A  360*  circular  inlet  vane  is  required  to  prevent  bellmouth  separation 

-  At  lOOZ  fan  speed  the  measured  lift  was  7050  pounds  the  maximum 
horizontal  thrust  was  3842  pounds  (6  =  37.5*). 
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-  The  lift  augmentation  ratio  was  2.88  based  on  J85-7  bulletin  per 
formance  of  2450  pounds  thrust. 

-  Nominal  recirculation  effects  were:  J85  inlet  1®  to  3*F  and  fan  inlet 
!•  to  4*F. 

-  Roll-yaw  control  capability  can  be  provided  by  staggering  the  exit 
louvers;  at  lOOX  fan  speed  thrust  control  of  6610  +  440  pounds  is 
obtainable . 

-  Gradual  conversion  from  the  lift  mode  to  cruise  mode  can  be  accomplished 
using  separately  actuated  diverter  valve  doors. 

-  Fan  acceleration  response  was  better  than  predicted  primarily  because  of 
better  than  guarantee  J85  acceleration  performance. 

-  Fan  efficiency  was  about  IX  better  than  for  the  fuselage  mounted  con¬ 
figuration  and  turbine  efficiency  was  essentially  unchanged  In  spite  of 
variations  in  clearance  and  the  absence  of  the  turbine  tip  shroud  seal 
for  this  testing. 

Mechanics  1 

-  The  wing  inlet  has  changed  only  the  cosine  2S  resonance  mode  stress  in 
the  rotor  which  ranged  from  130X  to  180X  of  the  fan-in-fuselage  level 
depending  or.  acceleration  rate  through  the  critical  speed. 

-  Combined  blade  loadings  including  maneuver  loads  require  increased  dove¬ 
tail  strength  to  meet  design  flight  specifications 

-  Rotor  stresses  were  highest  during  decelerations. 

-  The  best  transients  from  a  rotor  and  stator  stress  standpoint  were  the 
fastest . 

-  Four  torque  band  tangential  cracks  were  found  after  53  hours  of  testing. 
This  was  an  expected  result  based  on  previous  experience  with  this 
particular  design  which  is  being  replaced. 

-  Hardware  inspection  after  disassembly  showed  no  other  significant 
deficiency  and  the  hardware  was  generally  in  excellent  condition. 
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Environmental 


At  200  feet  distance  the  fan  noise  level  was  99  db. 

There  was  a  variation  in  fan  thrust  and  power  absorption  with  low  wind 
velocity;  at  constant  power  the  thrust  was  reduced  1.5X  to  2.5X  by 
wind  velocities  of  up  to  15  m.p.h. 


II.  TEST  VEHICLE  DESCRIPTION 


The  contractor -owned  X3S3-S  fan,  serial  number  002,  was  used  for  all 
testing  discussed  In  this  report.  The  fabrication  and  assembly  of 
the  X353-5  are  detailed  in  reference  1  (pages  3  through  52). 

SPECIFIC  FAN  ASSEMBLY  DETAILS 


Forward  Frame ; 

Cold  clearance  of  the  air  seal  in  this  frame  was  set  at  0.091  Inches 
which  reduces  to  zero  at  100%  speed  (calculated).  This  Is  an 
approximately  O.OSO  Inches  closer  clearance  setting  than  for  previous 
X3S3-S  testing  (reference  2  and  3)  and  about  0.100  Inches  closer  than 
for  Initial  X353-5  testing  (reference  1). 

Rotor : 

Assembly  Incorporated  a  torque-band  Identical  with  that  used  for 
tests  described  In  reference  3  which  shows  a  history  of  crack 
Incidence.*  Periodic  monitoring  of  this  part  between  test  runs  via 
dye  penetrant  Inspections  was  Incorporated  in  the  test  plan. 

Aft  Frame ; 

Turbine  tip  shroud  seals  were  not  installed.  The  rear  air  seal 
clearance  was  0.160  Inches  which  is  the  same  as  used  In  Fan  001 
(references  2  and  3). 

Scroll : 

The  scroll  (S/N  002)  was  the  only  component  which  had  been  in  prior 
service;  it  was  used  in  buildups  2  and  2A  of  Fan  001  (references  1 
and  2)  for  '9  hours,  36  minutes  of  testing 


Assembly  was  completed  prior  to  completing  reference  3  tests 
Indicating  this  torque -band  cracking. 
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Exit  Louvers: 


The  louvers  were  installed  as  two  separately  actuated  sets.  The 
set  consisted  of  every  other  louver  (seven  total),  beginning 
with  the  forward  louver,  and  was  operated  by  an  external  push  rod. 
Yokes  bridging  the  aft  frame  major  strut  connected  the  louvers  with 
the  push  rod  and  permitted  Jlouver  closure  to  50*;  however,  two  total 
pressure  rakes  installed  on  the  rear  frame  limited  louver  closure 
to  44*.  .The  other  seven  louvers  (P^)  were  actuated  by  an  internal 
push  rod  in  the  major  strut  as  provided  in  the  original  design. 

This  arrangement  (see  Figure  1)  incorporated  louver  staggering 
capability  and  is  a  test  arrangement  only.  The  physical  limits  of 
actuation  are  as  shown  in  Figure  2. 

BALANCE 

Rotor  component  parts  were  selectively  located  based  on  moment  weights. 
Static  balance  of  the  assembled  rotor  by  adding  weight  to  prevent  rotation 
in  "frictionless"  mounts  required  88.5  grams  at  11.5  inches  radius  (re¬ 
tainer  ring  bolt  circle).  This  balance  was  checked  in  a  dynamic  balancing 
machine  and  no  changes  were  required. 

J85-7  ENGINE 

The  fan  was  powered  by  J85-7  engines  during  the  entire  test  program. 

Engine  serial  number  235-003  was  used  for  the  initial  four  runs.  Runs  5 
through  26  were  conducted  using  engine  S/N  235-004.*’ 

DIVERTER  VALVE 

A  diverter  valve  was  used  to  duct  the  J85  gas  to  the  fan  and  was  obtained 
from  the  Air  Force  (contract  AF  33 (600) -40862)  .  This  valve  S/N  001  was 
tested  previously  under  this  Air  Force  contract  for  31  hours  and  was  com¬ 
pletely  disassembled,  inspected  and  reassembled  for  this  program. 

a 

All  figures  are  presented  in  Appendix  C. 
b 

Engine  change  was  to  balance  accumulated  operating  time  so  that  both  could 
be  scheduled  for  periodic  Inspection  at  the  same  time. 
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TEST  COWFIGURATION 


Views  taken  of  the  complete  test  vehicle  after  testing  was  concluded 
are  shown  In  Figure  3.  The  circular  Inlet  vane  pictured  was  not  In¬ 
stalled  until  Run  19.  This  Is  an  Item  of  nonflight  hardware  of  solid 
stainless  steel  weighing  101  pounds.  The  360°  vane,  see  Figure  4,  has  a 
constant  airfoil  section  with  a  5  Inch  chord  and  Is  crowned  to  siatch  a 
NASA  65-210  aeries  wing  upper  surface  contour  (fan  centerline  located 
at  40X  chord).  It  Is  58  Inches  In  diameter  and  was  Installed  In  three 
segments.  Each  segment  attached  to  the  fan  front  frame  struts  at  the 
vane  ends  and  additional  support  was  made  to  the  bellmouth  opposite  the 
minor  strut . 

During  Runs  5  through  22,  various  extents  (from  360°  to  180°)  of  forward 
air  seal  baffling  were  employed  to  guide  turblne-to-fan  gas  leakage.  A 
view  of  this  type  of  baffle  Is  shown  In  Figure  5;  It  was  welded  to  the 
bellmouth  skin  and  overlapped  the  air  seal.  There  was,  however,  adequate 
‘=l***'**'ce  retained  between  the  rotor  leading  edge  and  the  end  of  the 
baffle  as  Indicated  by  the  sketch  below: 
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The  baffle  was  a  temporary  modification  and  was  not  retained  in  the 


final  configuration.  The  per  cent 

different  lengths  of  baffle  were: 

annulus  area  blockages  for 

Baffle  Length 
(deg.) 

Annulus  Area  Blockage 
(Per  cent) 

360 

3.78 

280 

2.94 

230 

2.41 

180 

1.89 

III.  TEST  FACILITIES.  INSTURMENTATION  AND  EQUIPMENT 


TEST  FACILITY 

A  description  of  the  Evendale  facility  used  for  this  testing  is  contained 
in  reference  1  (pages  59  through  68) . 

All  but  two  of  the  twenty-six  runs  were  conducted  as  a  fan-in-wing  in¬ 
stallation  so  the  thrust  frame  was  modified  to  include  a  wing  leading 
edge,  trailing  edge  and  tip.  A  wall  was  installed  at  the  wing  root  to 

simulate  a  fuselage  for  this  semi-span  test  arrangement.  The  wing 

a 

structure  was  contoured  to  a  NASA  series  65-210  airfoil  shape.  Wing 
skins  were  not  installed  on  the  underside. 

Figure  6  shows  the  Installation.  The  wing  is  untapered  with 

a  chord  of  144  inches  and  aspect  ratio  of  2.32.  The  fan  centerline  is 

located  at  the  40X  chord  line  and  is  one  fan  diameter  from  the  wall  sim¬ 
ulating  the  fuselage;  the  fan  is  mounted  between  the  wing  spars  and 

occupies  50X  of  the  wing  chord  between  15X  and  657.  chord.  Figure  7 
shows  these  dimensional  details. 

The  fuselage  inlet  duct  used  during  test  Runs  11  and  12  and  the  exit 
throttling  system  used  in  test  Runs  11,  13,  and  14  are  described  in 
reference  1.  The  exit  measuring  section  was  used  without  the  throttle 
plate  in  Runs  12  and  25. 


FACILITY  MODIFICATION 

The  surrounding  personnel  protection  wall  of  the  facility  is  ten  sided; 
two  of  the  sides  are  hinged  doors  which  were  opened  and  closed  during 
test  as  an  additional  variable  when  it  was  suspected  that  the  fan  was 
pumping  considerable  quantities  of  secondary  air  through  the  facility 


*  Modified  slightly  on  the  underside  to  mate  with  the  lift  fan. 
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annulus.  This  was  done  for  both  the  fan-in-wing  and  fan-in-fuselage 
configurations.  The  following  differences  in  thrust  were  measured: 


Fan-in-wing  2%  Increase  in  thrust  with  doors 

open 

Fan-ln-fuselage  3  l/2i  to  UX  increase  in  thrust 

with  doors  open 


At  the  same  time,  35  static  pressure  elements  were  monitored  on  the 
underside  of  the  wing  (these  are  indicated  in  Figure  7) .  By  extra¬ 
polating  these  pressure  data  to  apply  to  the  entire  wing  area,  the 


forces  Implied  were  as  below: 

Fan-in -wine 

Doors  closed 
Doors  open 

Fan -in -fuselage 


Implied  down  force  on  wing  due  to 
static  pressure  distribution 

6X  in  thrust 

A  =  1%  vs.  2X  measured 


Doors  closed 
Doors  open 


6Z  in  thrust 
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A  =  5X  vs.  3  1/2X  to  measured 


Based  on  this  analysis  and  other  velocity  data  taken  near  the  wing,  it 
was  felt  necessary  to  remove  as  many  of  the  remaining  facility  walls  as 
possible  to  break  up  the  apparent  pumping  action  of  the  fan-in-wing 
installation  since  just  opening  the  doors  was  not  effective.  The  modified 
facility  is  shown  in  Figure  8.  As  will  be  shown  in  the  section  on 
Analysis  of  Results,  this  resulted  in  an  apparent  thrust  Increase  of  about 
3Z  over  that  measured  with  just  the  facility  doors  open.  The  data  tabulated 


There  was  a  simultaneous  inlet  modification  which 
thrust  change  to  an  unknown  degree 


contributed 


to  this 
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above  indicated  that  the  fan-ln-fuselage  configuration  would  not  have  re¬ 
quired  this  facility  change,  probably  because  the  inlet  in  this  case  was 
2  feet  above  the  facility  walls  and  did  not  provide  as  effective  an 
ejector  system.  The  6%  thrust  deficiency  noted  in  the  fan-ln-fuselage 
configuration  tfith  the  doors  closed  can  not  be  assumed  to  have  been  present 
during  the  original  fan-ln-fuselage  performance  runs  during  Phase  I  of  the 
contracted  work  (reference  1).  At  that  time,  the  wing  leading  and  trail¬ 
ing  edges,  tip  and  sealing  skins  were  not  employed.  These  items  represent 
approximately  75  square  feet  of  wing  surface.  An  estimated  correction  to 
the  original  test  data  was  investigated,  however,  based  on  the  pressure 
measurements  made  in  the  current  program  that  apply  to  the  sections  of  the 
wing  that  were  Installed  originally  (about  55  square  feet  of  surface). 

This  amounted  to  60  pounds  at  2450  rpm  or  about  1%  in  thrust. 

Previously,  the  Fan  001  performance  has  been  quoted  as  below: 

Evendale  Testing  Thrust  at  100%  N^. 

Fan  001  (6%  bellmouth  7000  pounds 

without  inlet  vanes) 

Ames  Testing 

Fan  001  (23.5%  bellmouth  7050  pounds 

with  circular  vane) 

The  1%  or  70  pounds  correction  to  the  Evendale  (reference  i)  data,  if 
applied,  would  therefore  bring  this  in  closer  agreement  with  the  Ames 
result;  however,  the  variation  is  within  the  thrust  measurement  accuracy. 

PITCH  MANEUVER  EQUIPMENT 

In  order  to  accommodate  dynamic  tests  which  affect  the  rotor  as  a 
one-per-rev  gyroscopic  precession  excitation,  the  thrust  frame  was  fitted 
with  adapters  to  enable  rapid  pitch  transients.  Pivot  trunnions  were 
fabricated  to  replace  the  load  cell  supports  for  the  wing  and  a  3000  psl 
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hydraulic  actuator  was  connected  to  the  wing  behind  the  pivot  line  to 
control  the  wing  angular  velocity.  Special  valving  was  arranged  to  limit 
deceleration  rates.  Figure  9  shows  details  of  the  actuator  and  trunnion 
support.  Figures  10a  and  b,  show  the  wing  in  the  limiting  +  15°  angle 
of  attack  positions. 

DIVERTER  VALVE  MODIFICATION 

For  test  Run  24  (divided  flow  test),  the  hydraulic  actuator  was  replaced 
by  two  electric  screwjacks  to  actuate  the  doors  separately.  Figure  11 
shows  the  screwjack  and  position  indicator  locations  (refer  to  Figure  3 
for  details  of  normal  actuator  arrangement). 

INSIRUMENTATI(»< 

Refer  to  reference  1  (pages  69  through  90)  for  *a  general  description  of 
fan  instrumentation.  * 

• 

J85  discharge  measurements  were  made  In  a  plane  which  Is  two  Inches  aft 
of  the  diverter  valve  forward  flange.  This  station  is  referred  to  as 
station  5.15  and  has  an  annulus  area  of  154  equare  Inches.  Plane  5.1 
(J85-7  turbine  discharge)  annulus  area  19,148  square  Inches.  A  schematic 
of  instrumentation  planes  Is  shown  in  Figure  12 
• 

New  instrumentation  included:  • 

« 

1.  Seven  underwing  static  pressure  rakes  and  four  facility 
velocity  probes  were  Installed  to  provide  facility  effect  data. 
Figure  1  shows  some  of  the  underving  rakes  (Figure  7  shows  all 
thfc  locations).  The  absence  of  wing  skins  was  considered  to 

be  a  second  order  Influence  in  these  pressure  measurements. 

2.  Twenty-four  thermocouples  were  installed  on  the  fan  inlet 
screen  in  lieu  of  plane  10.3  total  temperature  rakes  which  were 
removed  when  the  circular  Inlet  vane  was  installed 
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3.  Four  plane  10.3  static  pressure  rakes  (Figure  13)  were  manu¬ 
factured  from  existing  total  pressure  rakes  and  installed  for 
several  runs . 

4.  Twelve  static  pressure  probes  were  mounted  on  the  rear  frame 
stators  in  four  radial  locations  to  measure  stator  discharge 
static  pressure.  They  were  Identified  as  11.0 

sensing  elements  were  located  aft  of  the  stator  edge. 

5.  Four  six-element  total  temperature  rakes  were  installed  in 
plane  6.0  (cruise  nozzle).  These  were  used  in  test  Run  24 
to  calibrate  the  plane  5.15  total  temperature  rakes. 

^  traverse  of  the  fan  discharge  annulus  was  made  for  calculating 
sound  power  levels  with  a  piezo-electric  sensing  element  (Atlantic 
Research-type  BC-33  blast  pressure  probe) .  The  traverse  was  made 
15  1/2  inches  below  the  blade  trailing  edges  as  shown  in 
Figure  14.  Actuator  travel  was  20  inches  which  was  sufficient  to 
traverse  the  annulus.  Because  of  the  stream  noise  generated  on 
the  probe  it  was  not  a  suitable  arrangement  to  yield  an  octave 
band  analysis,  however,  determination  of  the  noise  level  contri¬ 
bution  due  to  blade  passing  frequency  (first  and  second  harmonic) 
was  accurate.  The  recording  setup  is  sketched  below. 


BC-33 

Probe 


Power 

Supply 


(Piezo-  ijJ 

■ 

Electric 

Cathode 

_ Tape 

Sensing 

Element) 

Fol lower 

Recorder 

- »'  ■ 

.  —  - 

—  — 

Audio 

_ ! 

Ballantine 

Oscillator 

Voltmeter 
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Calibration  Circuit 


The  pressure  probe  was  calibrated  (up  to  10  kc)  in  an  anechoic 
chamber  by  comparing  its  sensitivity  with  that  of  a  previously- 
calibrated  microphone.  A  calibration  signal  was  put  on  the 
tape  before  and  after  the  test  with  an  audio-oscillator. 
Frequency  response  of  the  tape  recorder  was  checked  before 
and  after  the  test. 

A  narrow  band  analyzer,  3X  band  width,  was  used  to  reduce  the 
tape.  This  was  necessary  due  to  the  noise  generated  by  the 
wind  stream.  With  the  narrow  filter,  a  signal  to  noise  ratio 
of  6  to  9  db  was  obtained.  The  data  reduction  process  is 
sketched  below: 


/ 


For  each  fan  speed,  the  first  and  second  harmonic  frequencies 
were  determined  accurately.  The  narrow  band  analyzer  was  then 
tuned  to  each  frequency,  in  turn,  and  the  tape  played  through 
the  entire  traverse  (the  sound  pressure  levels  (SPL)  being  re¬ 
corded  on  a  previously-calibrated  B-K  level  recorder).  All 
SPL  data  were  corrected  for  recorder  response,  probe  response 
and  all  data  reducing  equipment  response.  A  correction  was 
also  made  for  the  slight  error  introduced  by  the  background 
noise . 

The  data  were  also  reduced  using  1/3  octave  filters,  yielding 
excellent  agreement  with  the  narrow  band  analysis.  The  re¬ 
duced  traverse  SPL  data  were  then  used  to  calculate  the  sound 
power  levels  (PWL)  of  the  first  and  second  harmonic  at  each  speed. 
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Tables  I  and  II  give  a  summary  of  all  instrumentation  included  in  this  test 
program. 


TABLE  I 

INSTRUMENTATION  SUMMARY 


Aerodynamic  Pressures 
Aerodynamic  Temperatures 

Operating  Pressures  (fuel,  oil,  starter  air,  hydraulic  & 

slipring  air  pressures) 

Mechanical  Temperatures: 

Non-Rotating  (diverter  valve  skin,  J85  bearing,  lube 
oil,  wing  skins,  slipring  bearing,  fan 
bearings,  exit  louvers,  stator  vanes, 
and  scroll) 

Rotating  (torque  band,  shaft,  carriers,  and  buckets) 
Rotor  Strain  Gages 
Stator  Strain  Gages  Vibratory 
Exit  Louver  Strain  Gages 
Frame  Strain  Gages : 

Vibratory 
Steady  State 
Vibration  Pickups 
Speed  Pickups 
Position  Indicators 


total 


275 

122 

8 


64 


23 

34 

4 
15 

0 

3 

12 

5 

_ 6 

571 


The  numbers  shown  are  maximum  installed  instrumentation,  and  were  not 
necessarily  all  read  at  one  time. 


TABLE  II 

INSTALLED  AERODYNAMIC  INSTRUMENTATION  BREAKDOWN 
BY  INSTRUMENT  PLANES 


Plane 

Description 

"t 

P 

s 

^t 

Other 

2.0 

J85  Inlet 

0 

4 

4 

0 

5.15 

Diverter  Valve  Inlet 

21 

3 

12 

0 

5.4 

Scroll  Arms 

12 

0 

0 

0 

5.45 

Turbine  Rotor  Inlet 

0 

0 

0 

0 

5.5 

Turbine  Rotor  Exit 

8 

0 

0 

3® 

6.0 

Cruise  Tailpipe 

0 

4 

24 

0 

10.0 

Fan  Inlet  Screen 

*  0 

0 

24 

0 

10.2 

Deep  Bellmouth  Throat 

i 

0 

8 

0 

0 

10.3 

Fan  Rotor  Inlet 

• 

21 

36 

lit 

0 

10.6 

Fan  Rotor  Exit 

24 

0 

34 

6*^ 

11.0 

Fan  Stator  Discharge*" 

48** 

22® 

0 

0 

- 

Underwing  Static  Pressures 

0 

35 

0 

0 

Facility  Velocity  Probes 

TOTAL  • 

_ 6 

140 

• 

_ 8 

126 

_ 0 

122 

0 
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a.  Three  pressures  installed  in  inactive  arc. 

b.  Six  P^  pressures  used  to  determine  flow  angles  (cobra  probes). 

c.  With  rear  measuring  section  installed. 

d.  Includes  two.  six-element  P^  rakes  mounted  to  fan  underside  for 
Runs  19  through  25. 

e.  Includes  two  dishpan  statics,  12  static  probes  mounted  to  rear  frame 
stators  for  Run  10,  and  8  static  taps  in  rear  measuring  section. 


TABLE  ZZI 


FAN  STRESS  LZMZTS 


Gag* 
04  ' 

Conca  va 
Sia« 

#3 

01 


Item 

Type  of  Streaa 

Running* 

Straaa 

Limit  •  SA 
(pai) 

Abao  luta* 

Straaa 

Limit  •  SA 
(pai) 

Rotor  Blada  ; 


Gage  #S 
(On  Convex 
Side) 


^Leading 
^  Edge 


Bucka  t 


Dlae 

Torqua  Bend 

a 


Scacora 


b 


Jege  #1  (not 
inatalled 
for  tbia 

teat 

Firat  Flexural  Vibratory 

Streaa  (1S50  rpm  Speed 

Range) 

6.000 

12,500 

Cage 

#2 

Firat  Flexural  Vibratory 

Streea  (1650  rpm  Speed 

Range) 

3.000 

6.700 

Cega 

#2 

Coaina  26  Vibratory 

Straaa  (2060  rpm) 

15.600 

22.600 

Gaga 

#3 

Firat  Flexural  Vibratory 

Straaa  (1650  rpm  Speed 

Range) 

6,500 

10. 100 

Cage 

#3 

Coaina  26  Vibratory 

Straaa  (2060  rpm) 

10.600 

15.600 

Gaga 

Firat  Flexural  Vibratory 

Straaa  (1650  rpm  Spaed 

Range) 

5.000 

7.800 

Gaga 

#5 

Firat  Flexural  Vibratory 

Straaa  (1650  rpm  Spaed 

Range) 

7.600 

11.500 

Gaga 

#6 

Coaina  26  Vibratory  Straaa 
Straaa  (2060  rpm) 

15.600 

22.600 

Firat  Flexural  Vibratory 

Straaa  (600  epa) 

10.000 

15.600 

Firat  Toraicmal  Vibratety 
Straaa  (15*0  epa) 

7.500 

11.700 

All  Vibratory  Cagaa 

15.000 

23.600 

Axial  Vibratory  Straaa 

10,000 

- 

Tangential  Vibratory  Straaa 

10,000 

■ 

Firat  Flexural  Vibratory 

Straaa 

10.000 

15,(00 

Second  Flexural  Vibratory 

Straaa 

6.  750 

13,(00 

Firat  Toraional  Vibratory 

Straaa 

10,000 

15,(00 

*  Strain  Gaga  Factor  • 

Blada  to  blada  atraaa  variation  factor  •  )Ol 

Blada  to  blada  atraaa  variatlcm  factor  (coaina  2t)  •  20'X 


b 


Stator 


X  •  1.2  H  1.3  •  1.36 
X  (coaina  2t)  ■  1.2  x  1,2  •  1,6* 
Rvmning  atraaa  liait  (coaina  26)  • 

Running  atraaa  linlt  (ell  otbera)  < 
■  craaa  linita  era  not  conftravd  by 


Abooluta  Btraff  lii4t 
1.6* 

Abeoluta  atraaa  Unit 
'  1.56 

bench  taata . 
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TABLE  IV 


SIBMART  OF  TEST  RONS 


'  12/2/60  :  0 
■  12/5/60  ;  lill«-2270 


12/7/60  I<Slc-2606 

'  12/14/60|ldlc 


'  5  1/17/61 

1  ! 

I  6  : 1/20/61 

,  7  i 1/31/61 

^  8  ‘2/1/61 

<t  1 2/7/61 


I  t 

U  l]/l7/ftl 


t  U  12/23/61 
i  15  1 2/27/61 


I  17  ! 1/17/61 


16  |3/11/61 

ID  |4/4/il 
21  4/1/61 


Idle 

Idle>1650 


IdU>2470 

ldl«>2623 


U1V2617 

ldU*2250 

ldU-2602 

ldU*247D 

t4U-22)0 

MU->2776 

Ml* 

IdU-llW 


0  to  10 

0 

0  CO  44. 5 
0 

0  to  to 
20  to  ->45 
15  to  «45 


Mechenlcal  checkout  of  J8S 

Mechenicel  checkout  oC  fen.  Heeeured  eeel  cleerencee  end 
rotor  yield. 

Mechenicel  checkout  end  ptelleinery  eerodyn^lc  perfot»enco^FeelUty  doore  cloaed. 
Saoke  end  lenpbleck  test. 

Ferforaence.  Exit  louver  excursion  fro«  0  to  «44.5*  et 
1650  im. 

Saoke  end  leeipbi.eck  test. 

Pcrforwncc.  Underwing  stetic  pressure  survey. 


FerforsMnce.  Underwing  stetic  pressure  survey.  Steggered 
louver  excursion  et  1650  RRi. 

Seoke  test.  Sound  aeesutcMnt.  PerforsMnee.  Exit  louver 
excursion  et  1700  Rr.l.  Three  staggered  louver  points  el 
2250  RFH. 


SMie  test.  Derlerveace.  Laweer  encursioM  et  2250  and 
2450  KIM.  Staggered  lewwec  eecutslan  et  2450  IfM. 
Uternal  perleraenee.  Rack  preeewre  applied  le  Ian. 

Internal  per lomaere. 

Internal  parforaanee. 

Internal  patlaraae 
leraanee  wlthas 


X353-5-002  end  J85-7-003. 
Facility  doors  closed. 


ich  praaeute  applied  ta  fan. 


I  Id  la-2600 

Id  la- 2600 


•  ID  ta  *40 
I•l0  I#  »» 


Facility  doore  open.  Fen  Inlet  screen  off. 

X353-5-O02  end  J85-7-<N>4.  Facility  doors  closed.  Fen  Intel 
screen  cn.  360*  seel  leakage  baffle  tnarelled. 

Facility  doors  open.  Fen  inlet  screen  off.  UO*  Uelfla, 

Facility  doors  closed.  Fan  inlet  screen  on.  360*  baffle. 
Itoderwing  stetic  pressure  rskes  sdded. 

360*  baffle.  Readings  45  -  75;  Facility  doers  closed. 

Readings  76  -  82;  Facility  doors  open. 

280*  baffle. 

Readings  S3  -  87:  Facility  doors  op«n.  Diverter  Velve  Opened  2*. 

Readings  86  -104:  FacMlty  doors  open.  Diverter  Vaive  opened  4*. 

Reedings  105-117:  Facility  doors  closed.  Diverter  Valve 

tipened  4  1/2*. 

Readings  118-120.  Facility  doors  closed.  Diverter  Valve 

fully  c loeed. 

I  280*  beffle.  Facility  doors  open.  Diverter  Valve  opened  4  1/2*. 

280*  baffle.  Facility  doore  closed.  ReoKoted  salt  louvers. 
Inetallnd  Inlst  duct  end  salt  neasurlng  duct.  Instalied  bach 
prsseurs  plats.  Inlst  screen  raaoved. 

280*  baffle.  Rack  pressurs  plate  reMoved.  Readings  2137  -  214 
Facility  doors  clojsd.  Rsadings  217  -  22).  Facility  4.bote  open. 
280*  baffle,  back  pressure  plats  oft.  Inlet  duct  revived, 
inlet  screen  on.  Readings  224  -  23):  Fnciltty  doors  open. 
Reedings  234  -  243;  Fseillty  doors  cloaed. 

280*  baffle.  Rack  pressure  piste  on.  Four  Inlet  static 
pressure  rnkee  tnttniled. 

280*  baffle.  Rasoved  exit  duct,  bach  pressure  piste  and 
siSBulated  fusalage  wall.  Ho  eslt  Icwvere.  FeclIMy  doers  open. 


,v..  at  tdla.  ^,i 
Naaawrnd  ratae  dal  last  ieasa  aad 


22  4/R/61  tdte-2l 

2)  4/ID/41  'Idle 

M  a/n/Rl  |ldla-h 

'  15  4/17/81 

14  a. 16. at  'ldla*255D 


Cbaekowt  rim  (faclltty  wdlficatiea) 

Pitcb  ■aweirver  taat.  0.35  rad/aac. 

2250.  14)0.  aad  2550  RM. 

Dtlcb  Maauvac  taat.  0.52  rad/aac. isc w  ..vrata  at  Idla.  1850. 
In50.  Md  2550  tIM.  twaawrad  rew  «'daf  lact  laaa  aad 
ttraaaaa. 


rii  r  t~a —  taaeer  nncwreleaa  frea  -lO*  ta  *40*  at  1650. 
2250.  aad  U50  Rf*i.  It^gaead  Inavat  ear  at  3450  till. 

iPartsraaare.  Dtvaetae  eatea  astuaciaaa  <a  5  ta  5  aacMda 

‘at  idla.  1410.  1600  ,  2250  aad  3450  Rf»<.  La^tash  appliad 
|ta  fai  ballanatb. 

-fartafaaaca.  Oivavtas  valea  aetwatiMa  la  about  aae  aaesai 

,ai  idla.  1450.  1600.  2250,  add  2«»  rpa 


Fan-tn^wlng  with  eslt  louvers,  2)0*  haftle, 

Fna-ln-wlng  with  salt  louvers.  2)0*  baffle. 

IfB*  beffle.  Inlet  vane  instslled.  Fnctllty  wells  raaiTvnd. 

Pen  Inlst  screen  on.  Exit  iowvers  on.  ihsdsrwing  sfstic 
pressures  Inatai.ed. 

n.  10  aph  w.nd  si  beglnalna  of  issi 
lader  ef  test,  tfetdorwing  statics  sa. 


180*  baffle.  inlet 
reducing  to  2  apb  for  i 
180*  beffle.  Inlet  vei 
..ktderwing  statics  on. 


12  te  15  Wind  ibKwgbnuC  feet. 


Lbtderwing  stst  Ici 


•  M  ta  •«  |Paff< 


aaisuf 

llales* 


Split  flaw  pasfsraaae.  Fan  t staid 
SiraigbC-lbra^b  let  calibeattaa  i 


afei 


l^tfacaaace.  Lsiaiar  auaeslaae  fr«  *15*  ta  eSE*  at  2250 
)gr  ^  3450  6fM.  Aecala  and  dacala  tbtai«4  raa  I  O  with 
.lawwars  eat  at  0.  «0.  B.  »  aad  35  dagtaae.  Otearta* 
ivalva  astwatiM  at  1650  .  2250.  aad  2««0  tT  .  awaMtra- 
itiai  r«  fae  lltgbt  iesaarr4  eahtela  btdOae'a  cwfaeaaaa. 


180*  baffle.  •  to  10  apb  wind  tbroughnut  te 
on.  leadings  )5)  -  404  inlet  veae  In. 

teediaas  40/  -  4)7  Inlst  «sae  out. 

Fen-  in-vif^. 

ixo  beflls.  Inlet  vane  in.  0  (e  2  npb  wind. 

Itsit  lowers  rea>/*ed,  Eslt  naeewting  section  Inetelled.  a* 
ilaffle.  Inlet  veae  in.  Oaderwing  stetics  mi. 

•  Eslt  Inuvers  oa,  Ha  baffle.  Inlet  veae  la.  tMerwIag  stetli 


.... .. 

jstatia  lead 
Ucaa). 


laet  fr 


a^  reae  fiMaa  f6  a'elaaa  aa.'lae-  Jfea-la-wtat.  Inlet  ves 
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RUNNING  TIME  AiNT)  DATA  POINTS  -  50  HOUR  STATIC  FAN- IN-WING  TEST 


TABLE  VII 


SUMMARY  OF  LIFT  FAN  OPERATING  TIME 


Fan. 

S/N  001 

S/N  002 

Total 

B/U  #1 

B/U  #2 

B/U  #3 

B/U  #1 

Both 

Even. 

Even. 

Ames 

Ames 

Total 

Even. 

Fans 

Speed 

Range 

0  - 

2UX 

5:02 

4  :08 

9:10 

2:57 

12:07 

25  - 

49 

2:43 

7:23 

5:08 

4:10 

19:24 

16:47 

36:11 

50  - 

74 

9:52 

5:57 

12:01 

16:43 

44:33 

12:17 

56:50 

75  - 

89 

1:29 

2:11 

3:08 

1:06 

15:49 

9:38 

36:39 

90  - 

100 

7:45 

11:12 

TOTAL  HOURS 

19:06 

• 

19:39 

20:17 

29:44 

88:56 

52:51 

141:47 

Temp . 

Range 

• 

0  - 

599*F 

8:20 

5:09 

13:29 

1:07 

14  :36 

600  - 

799 

1  :57 

1:49 

5:05 

9;oi 

1:39 

10  :40 

800  - 

899 

7:49 

7:04 

:28 

15:17 

30  :39 

15:20 

45:59 

900  - 

999 

1:00 

4:39 

14  :22 

1:21 

21:22 

14  :06 

35:28 

1000  - 

1200 

:57 

5:27 

8:01 

14:25 

20:39 

35:04 

TOTAL  HOURS 

19:06 

19:39 

20:17 

29:44 

88:56 

52:51 

141:47 

DATA 

POINTS 

71 

66 

348* 

439* 

1024 

554 

1578 

Not  Including  basic  airplane  data  with  fan  off. 


variables  were  evaluated: 


Fan  speed 
Exit  louver  angle 
Vector 

Stagger  (P^  =  P^  -  P^) 
J85  engine  speed 
Diverter  valve  teioperature 
Diverter  valve  slew  rate 
Pitch  maneuver 

Angle  of  attack 
Angular  velocity 
Divided  flow  (fan/J8S) 

Throttle  transients 
Wind  velocity 


0  to  2640  rpm  (100%) 

-15°  to  -f44° 

0°  to  30°  stagger  angle 
0  to  16,630  rpm  (101%) 
Maximum  of  1400°F 
1  second  to  13  seconds 

-15°  to  +15° 

0.37  and  C.52  rad/sec. 
0/100,  25/75,  50/50,  75/25, 
100/0  -  (nominal) 

1,  5,  10  and  60  seconds 
0  to  17  miles  per  hour 


TEST  RESULTS 

Test  results  are  all  tabulated  In  Appendix  A,  Fan  performance  cal¬ 
culation  standards  are  presented  In  Tabic  .1-1  Definitions  and  symbols 
are  listed  In  Table  A-2.  Table  A-3  contains  all  data  points  obtained 
In  the  test  program.  Table  A-4  is  a  compilation  of  transient  testing. 
The  following  Items  are  direct  readings  fan  speed  (N^.) ,  exit  louver 
angles  (Pj^  and  P^)  ,  engine  speed  (Njg^)  and  exhaust  gas  temperature 
(T^  j  15^'  other  items  were  converted  from  direct  measurements  by 

use  of  formulae  listed  in  the  calculation  standards,  Table  A-1. 


MEASUREMENT  ACCURACIES 

Accuracy  of  data  was  affected  during  test  runs  by  fan  reingestlon;  fan 
speed  and  thrust  became  unsteady  and  varied  as  much  as  50  rpm.  Both 
speed  and  thrust  were  steady  when  there  was  no  reingestlon  (speed 
variance  was  10  rpm  or  less).  This  reingestion  was  a  facility  effect 
and  occurred  during  adverse  wind  conditions,  turbine  discharge  air 
blocked  by  the  test  control  building  being  blown  back  across  the  inlet. 
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load  cell  calibration  obtained  during  thrust  frame  setup  indicates 
that  about  70  pounds  should  be  added  to  the  measured  thrust  at  lOOt 
speed.  This  correction  factor  has  not  been  included  in  the  results, 
however,  because  the  static  calibration  may  include  friction  and  bind¬ 
ing  which  would  not  occur  when  the  fan  is  running.  In  order  to  improve 
resdlng  correlation  between  thrust  and  speed,  thrust  readouts  were 
photographed  and  a  simultaneous  marker  identified  the  exact  speed  on 
the  transient  speed  recorder;  manometers  were  also  simultaneously 
photographed.  Speed  correction  for  final  performance  runs  was  based 
on  temperatures  read  from  24  thermocouples  attached  to  the  fan  inlet 
protective  screen.  These  were  monitored  on  a  digital  recorder  using  a 
5  second  scan  time. 
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V.  ANALYSIS  OF  RESULTS 


A.  GENERAL  CONSIDERATIONS 

J85-7  Engine  Performance: 

The  performance  of  the  J85-7  engine  Is  presented  in  Figures  15 
through  22. 

Turbine  discharge  bleed  was  required  to  provide  the  total  effective 
area  necessary  to  maintain  exhaust  gas  temperature  at  military 
speed.  Bleed  was  accomplished  by  positioning  the  diverter  valve 
doors  slightly  open  from  the  full  diverted  position.  The  amount 
of  bleed  was  determined  as  shown  in  the  sample  calculations  in 
Appendix  B  and  is  illustrated  in  Figure  15a.  Figure  15b  indicates 
the  leakage  when  the  valve  doors  are  fully  closed.  Engine  weight 
flow  at  the  diverter  valve  inlet  is  calculated  from  engine  bell- 
mouth  measurements  corrected  for  compressor  bleed,  eighth  stage 
seal  leakage  and  fuel  flow;  the  flow  at  the  fan  nozzle  is  calcu¬ 
lated  from  known  diverter  va^lve  and  scroll  losses  and  the  scroll 
flow  function.  A  sample  calculation  and  appropriate  curves  for 
this  are  also  shown  in  Appendix  B. 

The  effect  of  bleed  on  exhaust  gas  temperature  is  shown  in 

Figure  16a.  Note  the  difference  in  average  gas  temperature  between 

the  two  engines  at  the  same  speed.  Gas  temperature  as  a  function 

of  speed  Is  also  plotted  for  the  straight-through  mode  in 

Figure  16b  (engine  S/N  004  only).  The  reason  for  the  discrepancy 

in  EGT  characteristic  in  the  lower  speed  region  is  not  known. 

The  change  in  the  fan-engine  speed  relationship  with  bleed  is 
shown  in  Figure  17.  lOOX  fan  speed  (2640  rpm)  was  obtained  at 
100.41  engine  speed  with  the  3.21  bleed  setting.  Figure  17  also 
shows  the  effect  of  adding  the  inlet  vane  for  Runs  20  through  26; 
fan  power  absorption  has  increased  resulting  in  higher  engine  rpm 
per  fan  rpm.  Checks  of  engine  weight  flow  and  discharge  pressure 
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as  a  function  of  speed  for  both  early  and  late  runs  show  identical 
results  indicating  no  engine  deterioration  during  test. 

Figure  18  shows  the  relationship  between  diverter  valve  skin 
temperatures  and  EGT .  Hot  spots  at  the  top  and  bottom  were 
evident  but  lOOZ  fan  speed  was  attainable  without  exceeding  the 
diverter  valve  limits.  Later  model  J85  engines  incorporate  an 
Improved  combustor  configuration  which  greatly  reduce  the  wall 
temperatures  so  this  will  not  be  a  problem  area. 

Total  pressure  and  horsepower  at  stations  5.15  and  5  4  are  shown 
as  a  function  of  engine  speed  for  the  3.27.  bleed  setting  in 
Figures  19  and  20a.  Total  pressure  points  at  station  5.4  are 
calculated  from  the  station  5.15  total  pressures  based  on  losses 
previously  obtained  (see  Appendix  B) .  The  change  in  J85  discharge 
effective  area  for  straight-through  and  diverted  flow  is  reflected 
In  the  HPg  curves  in  Figure  20a.  Using  (diverter  valve 

positioned  for  approximately  3,2%  bleed)  as  a  base,  Figure  20b 
was  generated  to  show  the  corresponding  power  losses  for  the 
diverted  flow  HP^  ^  and  for  the  straight-through  flow  HP^ 

A  summary  of  the  J85-7-004  discharge  conditions  as  measured  during 
this  testing  is  presented  as  a  function  of  engine  speed  in  Figure  21. 
Fan  speed  is  also  included  and  all  parameters  are  based  on  the  3.2% 
bleed  setting  of  the  diverter  valve 

The  magnitude  of  the  differences  which  existed  between  the  two 
J85-7  engines  is  shown  in  Figures  16a  and  22.  Engine  J85-7-004 
produced  more  thrust  and  horsepower  per  rpm,  but  it  operated  at  a 
higher  temperature  level  and  necessitated  diverter  valve  bleed. 
Horizontal  thrust  with  a  diverter  valve  and  test  tailpipe  is  pre¬ 
sented  in  Figure  22 
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EGT  Calibration  Run: 


A  series  of  straight-through  test  points  was  taken  during  Run  24 
to  obtain  a  correction  factor  for  the  average  EGT  measured  at 
plane  5.15.  Four  six-element  temperature  rakes  were  Installed 
56  Inches  behind  the  J85  turbine  discharge  (plane  6.0)  in  the 
straight-through  leg.  The  exhaust  gases  are  more  thoroughly  mixed 
and  the  temperature  spread  from  element  to  element  is  reduced  con¬ 
siderably.  Figure  23  is  a  plot  of  the  EGT  profiles  at  stations 
5.15  and  6.0. 

The  correction  to  apply  to  EGT  is  shown  in  Figure  24.  All  curves 
in  the  report  Incorporate  the  effect  of  this  correction  including 
weight  flow  at  station  5.4  and  horsepower.  The  tabulated  data  in 
Appendix  A,  however,  were  not  corrected  so  that  this  listing  re¬ 
tains  the  data  in  an  unadjusted  form. 

Horsepower  Calculation: 

Available  horsepower  at  station  5.4  (fan  turbine  nozzle  inlet)  is 
calculated  from  conditions  at  station  5.15  (gas  generator  turbine 
discharge  where  the  annulus  area  is  154  square  inches) .  A  sample 
calculation  of  this  iterative  process  is  shown  in  Appendix  B. 

Most  of  the  fan  testing  was  done  with  the  diverter  valve  doors 
held  open  to  bleed  about  3.2%  of  the  weight  flow.  For  this  con¬ 
dition,  it  was  assumed  that  loss  through,  the  diverter  valve  (or 
interactions  with  the  scroll)  remained  the  same  as  for  the  fully 
closed  condition.  This  appears  to  be  an  incorrect  assumption  be¬ 
cause  the  calculated  horsepower  at  station  5.4  is  higher  with  the 
diverter  valve  doors  set  for  3.2%  bleed.  The  difference  between 
curves  (1)  and  (3)  in  Figure  25  represent  the  available  power 
difference  due  to  3.2%  bleed  plus  any  unaccounted-for  power  losses 
in  the  system.  The  unaccounted-for  losses  are  equivalent  to  the 
difference  between  curves  (2)  and  (4).  These  additional  power 
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losses  with  the  diverter  doors  set  for  3.2X  bleed  may  be  a 
result  of: 

1.  Decrease  in  ^  ^  due  to  increase  in  turbulence 
from  re-positloned  diveiter  valve  doers 

2.  Decrease  in  T^.  ^  ^  below  the  ^  value  due  to 

bleeding  higher  temperature  gas  from  the  outer  wall. 

Since  nearly  all  of  the  data  taken  were  with  the  diverter  valve 
doors  set  for  2,2X  bleed,  the  horsepowers  from  curve  (2), 

Figure  25  are  used  in  this  report.  For  a  given  system,  it  is  not 
of  particular  significance  to  know  the  precise  distribution  of 
available  horsepower  between  the  fan,  bleed  and  ducting  require¬ 
ments;  however,  in  system  design,  such  knowledge  is  necessary  In 
order  to  obtain  optimum  performance  Identification  of  the  apparent 
additional  power  losses  Is  anticipated  In  the  fan-ln-wlng  wind 
tunnel  test  program;  from  the  limited  data  taken  during  this  test¬ 
ing  with  the  diverter  valve  doors  fully  closed.  Indications  are 
that  the  horsepower  requirement  at  the  diverter  valve  inlet  (HP  ) 
will  then  be  shown  to  be  decreased  2  1/2%  to  3  1/2%.  Proper  sizing 
of  fan  scroll  areas  with  J85  engine  charccterlstlcs  will  eliminate 
the  need  for  Inefficient  bleed  configurations  and  this  would  re¬ 
sult  In  a  net  gain  In  system  efficiency  rather  than  Just  a  re¬ 
distribution  of  power  requirements 

Ram  Drag 

Ram  drag  effects  due  to  wind  were  Included  In  horizontal  thrust  and 
actual  turning  angle  calculations  whenever  it  was  clear  that  the 
wind  velocity  was  quite  constant.  It  Is  not  possible  to  determine 
the  exact  wind  velocity  due  to  gustiness  Wind  velocity  and 
direction  recorded  In  Table  A-3  In  Appendix  A  are  average  conditions 
approximately  at  the  time  of  performance  data  recording 
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i: 

r  Figure  26  shows  the  effect  of  wind  velocity  on  horizontal 

thrust.  With  a  wind  velocity  of  15  m.p.h.  west  directly  at 
••  the  leading  edge,  a  horizontal  thrust  correction  of  +  365  pounds 

i.  should  be  applied  when  the  fan  is  operating  at  100%  speed 

(534  Ibs/sec.  flow).  Therefore,  on  a  windy  (+  15  m.p.h.)  day  in 
I  the  Evendale  outdoor  test  facility,  horizontal  thrust,  total 

thrust  and  actual  turning  angle  variat''ons  will  occur  at  100% 
fan  speed  as  shown  in  Table  VIII. 

TABLE  VIII 

EFFECT  OF  WIND  ON  THRUST  (EVENDALE  FACILITY) 


Wind 

Horizontal 

Total 

A  B 

e 

Velocity  Direction 

Thrust 

Thrust 

V 

(deg.) 

(m.p.h.) 

(lbs.) 

(lbs.) 

(deg.) 

0 

15 

East 

-  365 

0 

-  3 

0 

15 

West 

+  365 

+  20 

+  3 

10 

15 

East 

-  363 

-  60 

-  3 

10 

15 

West 

+  363 

+  80 

+  3 

20 

15 

East 

-  354 

-  130 

-  3 

20 

15 

West 

+  354 

+  150 

+  3 

30 

15 

East 

-  334 

-  190 

-  2  1/2 

30 

15 

West 

+  334 

+  210 

+  2  1/2 

Turning  Angle: 

With  the  facility  walls  up,  the  actual  turning  angle,  6^,  for  the 

o 

£an-ln-wlng  varies  from  1  greater  than  the  physical  angle,  3,  at 
6  *  0°,  to  5°  greater  at  3  =  45°.  Figure  27  shows  the  relationship 
with  all  data  corrected  for  zero  wind  velocity.  The  6^  correction 
In  Table  VIII  for  wind  must  be  applied  In  addition  to  this 
calibration . 
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The  actual  turning  angles  measured  before  the  facility  walls  were 
removed  varied  in  the  same  manner  but  the  difference  between 
actual  and  indicated  angle  was  greater  (see  Figure  27) .  The 
reason  for  this  difference  is  due  to  a  facility  effect  on  the 
lift  measurement  (see  Section  III) .  There  was  no  facility  effect 
on  the  horizontal  thrust  based  on  comparisons  of  J85  thrust  with 
the  walls  up  and  with  the  walls  removed  for  the  same  J83  speed  in 
the  cruise  mode. 

B,  FAN  AERODYNAMIC  PERFORMANCE 


Fan  Internal  Performance  Development: 

Internal  performance  is  represented  by  the  pressure  rise  developed 
at  the  rotor  discharge.  Since  this  is  expressed  in  terms  of  the 
difference  between  total  pressure  rise  developed  at  this  plane 
and  ambient  pressure,  the  inlet  losses  arc  included  in  the  per¬ 
formance.  The  pressure  rise  non-dimensionalized  with  tip  speed 
squared  gives  a  pressure  coefficient  which  is  roughly  proportional 
to  thrust.  Table  IX  and  Figures  28a  and  28b  show  the  calculated 
pressure  coefficients  and  measured  thrusts  for  the  configurations 
tested  compared  with  fan-in- fuselage  results. 

The  first  fan-in-wing  configuration  tested  exhibited  poor  rotor 
tip  performance.  This  can  be  seen  by  the  difference  in  tip  pres¬ 
sure  rise  for  this  configuration  relative  to  the  fuselage  config¬ 
uration  in  Figure  28a.  Also,  horsepower  absorption  and  thrust  were 
considerably  reduced.  Smoke  and  lampblack  tests  were  conducted  to 
further  identify  the  problem.  At  idle  fan  speed,  clear  evidence  of 
bellmouth  separation  along  the  active  arc  of  the  fan  occurred. 
Figure  29-  These  figures  show  separation  starting 
near  the  6  o’clock  strut  in  the  active  arc  and  carrying  slightly 
beyond  the  other  end  of  the  active  arc  to  about  the  10  o'clock 
position.  This  is  consistent  with  the  counter  clockwise  rotation 
(forward  looking  aft) . 
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TABLE  IX 


THRUST  AT  1007.  SPEED  AND  DESIGN  HORSEPOWER  FOR 

FAN- IN-FUSELAGE  AND  VARIOUS  FAN- IN-WING  CONFIGURATIONS 


Configuration 

Thrust  at 
1001  Speed 
(lbs.) 

Percent 

Improve¬ 

ment 

Estimated 
Thrust  at 
Design  HP 
(lbs.) 

Estimated 

Fen 

Speed  at 
Design  HP 

Cl) 

*Rotor 

Discharge 

Pressure 

Coef  ficiant 

^10.6 

Ames ; 

Fan-in-fuaelege  (X353-5-00 1) . 

23.5/6X  bellmouth  with  curved 
vane  end  exit  louvers. 

7050 

7190 

101.0 

Evende le : 

Fen-in-fuselege  (X353-5-001) ,  61 
bellaouth,  no  inlet  cescede, 
with  axit  louvers. 

7000 

7140 

101.0 

0.365 

2. 

Fen-in-fuselege  <X353-5-002) ,  61 
bellmouth,  260*  beffle.  no  inlet 
cescede,  fecility  doors  closed,  no 
exit  louvers,  with  exit  meesuring 
duct . 

6700 

6630 

101.0 

3. 

Fen-ln-wing  (X353-5-002) ,  61  bell- 
mouth,  no  beffle,  no  inlet  vena, 
facility  doors  closed,  with  exit 
louvers. 

5640 

6150 

1C4.5 

0.306 

4. 

S«ra,  <•  (3),  with  360*  bafJU. 

6100 

8.2 

- 

. 

. 

5. 

Same  as  <4),  Facility  doors  open. 

6200 

9.9 

6355 

101.6 

6. 

Fen-ln-wlng  (X353-5-002) .  61  bell- 
mouth,  260*  beffle.  no  inlet  vena, 
fecility  doors  closed,  with  exit 
louvers. 

6200 

9.9 

6460 

102.1 

o 

w 

o 

7. 

Seme  es  (6),  with  fecility  doors 
open. 

6275 

U.3 

6535 

102. 1 

0.340 

8. 

Fen-in-wlng  (X35 3-5-002 ) ,  61  ball- 
mouth.  180*  baffla,  no  inlet  vena, 
facility  walls  ramovad,  with  axlt 
louvsrs . 

6-05 

13.6 

64  90 

100.7 

0.34  3 

9. 

Fan-in-wIng  (X353-5-002) .  61  bell- 
mouth,  180*  baffle,  with  circular 
vena,  facility  walls  rrmovad,  with 
axit  louvars. 

6810 

20.9 

6850 

100.3 

0.370 

10  . 

Fan-in-wing  (X353-5-O02) ,  61  ball- 
mouth,  no  baffle,  with  circular 
vena,  facility  walls  ramoved,  with 
axit  louvers . 

7060 

25.0 

7020 

99.8 

0.378 

*  Corr»ipOTidi  to  lOOX  condicion. 


To  study  this  problem,  model  fan  tests  were  conducted  with  the 
General  Electric  26  inch  fan  which  aerodynamically  is  a  scale  of 
the  X353-5:  the  full  scale  fan  performance  deficiency  was  repro¬ 
duced  by  simulating  the  turbine  leakage  air  using  a  helium-air 
mixture  to  correspond  to  the  density  of  hot  gas.  This  leakage 
air  was  directed  into  the  26  inch  fan  through  a  360*  tip  manifold 
and  could  be  shut  off  completely.  Without  leakage  air  simulated, 
scale  model  bellmouth  separation  did  not  occur.  This  indicated 
that  the  inlet  was  marginal  and  required  additional  turning  con¬ 
trol  or  at  least  leakage  air  control.  Additional  tests  of  the 
scale-model  fan  fitted  with  a  360*  inlet  baffle  were  successful 
in  redirecting  leakage  air  and  avoiding  bellmouth  separation. 

This  fix  was  then  applied  to  the  full  scale  fan  as  described  in 
Section  II.  Figure  30  shows  the  active  arc  portion  of  the 
fan  after  lampblack  and  test  investigations.  There  was  no  indica¬ 
tion  of  bellmouth  separation;  the  black  region  at  the  baffle  weld 
is  a  local  flow  disturbance  due  to  the  weld  irregularity.  This 
modification  resulted  in  a  thrust  improvement  of  over  lOZ,  however, 
to  equal  fan-in-fuselage  results  (Reference  1),  a  247.  improvement 
was  required. 

The  problem  apparently  was  that  in  order  to  draw  flow  into  the  full 
inlet,  very  high  velocities  (on  the  order  of  700  ft/sec.)  occur  on 
the  bellmouth  because  of  the  high  level  of  bellmouth  suction  pres¬ 
sure  required  to  turn  the  flow.  This  is  illustrated  by  the  fan-in- 
wing  inlet  flow  diagram,  Figure  31.  Based  on  this  flow  analysis, 
the  high  velocity  air  near  the  bellmouth  wall  roust  diffuse  to  a 
rotor  entrance  average  velocity  of  435  ft/sec.  Since  this  much 
diffusion  is  marginal  for  stable  air  flow,  separation  was  easily 
caused  by  the  leakage  air  entering  the  fan  stream  at  the  lower  end 
of  the  inlet  bellmouth,  being  directed  slightly  forward  and  radially 
Inward.  Installing  the  baffle  served  to  prevent  separation,  but, 
of  course,  could  not  reduce  the  high  bellmouth  velocity;  therefore, 
the  flow  stability  was  still  marginal.  Some  of  the  thrust  deficiency 
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with  the  baffle  configuration  comes  directly  from  the  baffle 
blocking  the  fan  annulus;  this  amounted  to  approximately  3.8Z 
of  the  area.  For  a  given  through-flow  velocity,  the  thrust  is 
directly  proportional  to  area  and  the  rotor  in  the  region  directly 
under  the  baffle  is  physically  prevented  from  working.  Another 
effect  (of  the  high  velocity)  is  the  reduction  in  power  absorption 
in  the  rotor  tip  region  because  of  more  negative  incidence  enter¬ 
ing  air  angles.  Table  IX  shows  this  effect  by  comparing  the 
thrust  at  constant  speed  with  the  thrust  at  constant  power.  This 
shows  that  a  large  percentage  of  the  thrust  deficiency  without  the 
baffle  could  have  been  recovered  by  overspeeding  the  fan  about  ST. 
to  absorb  the  available  power.  With  the  baffle,  the  power  absorp¬ 
tion  was  greatly  increased  and  would  have  required  only  about  1.6% 
overspeed.  Since  the  fan- in-fuselage  case  Itself  required  17.  over¬ 
speed  to  absorb  design  power,  the  remaining  thrust  deficiency 
(6450  relative  to  7140  pounds)  must  have  been  due  to  the  combination 
of  blockage  and  reduced  fan  efficiency. 

Continued  scale  model  testing  indicated  that  more  improvement  in 
performance  could  be  obtained  by  adding  a  circular  inlet  vane  and 
removing  the  remainder  of  the  baffle*  Removal  of  the  baffle  was 
not  done  until  some  tests  were  run  with  the  vane  and  baffle  com¬ 
bination  because  there  was  a  lack  of  certainty  that  the  scale- 
model  fan  would  simulate  the  full  scale  fan  in  terms  of  leakage 
and  leakage  effects  on  performance.  The  improvement  due  to  the 
vane  is  apparent  in  Figure  28a.  Further  improvement  was  obtained 
by  removing  the  remainder  of  the  baffle  (Figure  28b).  The  final 
test  configuration  internal  performance  was  an  improvement  of  257. 
over  the  original  wing  performance  and  was  slightly  better  than 
fuselage  performance  of  X353-5-001  for  static  conditions  and  B  »  0*. 


The  blockage  area  variation  with  baffle  configuration  is  given  In 
Section  II. 
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Adding  the  bellmouth  vane,  which  acts  as  a  lifting  surface  ! 

whose  force  is  directed  towards  the  bellmouth  lip,  relieved 

the  bellmouth  lip  static  pressure  and  thereby  reduced  the  bell- 
» 

mouth  maximum  velocity.  In  the  sketch  below  a  plot  of  maximum 

bellmouth  velocity  squared  versus  depth  of  the  boundary  layer  > 

I 

retains  the  same  shape  but  at  a  higher  pressure  level;  the  vane, 
therefore,  provided  the  same  pressure  gradient  for  turning  the 

flow.  The  effect  of  the  vane  is  also  shown  schematically  in  j 

terms  of  the  boundary  layer  static  pressure : 

Inlet 
Vane 

Bellmouth 


\ 


Depth  of  Eloundary  Layer 


Used  as  a  measure  of  static  pressure  change. 
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The  effect  of  the  facility  walls  on  Internal  performance  is 
shown  In  Figure  32  which  Is  a  comparison  of  pressure  coefficient 
for  the  fan-ln-wlng  with  the  walls  up  and  with  the  walls  removed. 

A  simultaneous  reduction  of  the  extent  of  the  baffle  from  280* 
to  180“  was  made  when  the  walls  were  removed.  Tip  performance  In 
the  Inactive  arc  for  the  "walls  down"  case  was  poorer,  apparently 
because  the  baffle  had  been  removed  in  the  region.  The  pressure 
coefficients  derived  from  the  rakes  In  the  active  arc  region  were 
higher  than  in  the  previous  esse  and  there  were  also  higher  peak 
pressure  coefficients  measured  by  the  inactive  arc  rakes.  This 
resulted  In  a  higher  overall  pressure  coefficient  for  the  180“ 
baffle  configuration  apparently  due  to  reduced  blockage  and  In 
spite  of  poorer  tip  performance  In  the  Inactive  arc;  approximately 
IZ  thrust  Increase  can  be  attributed  to  the  approximately  1%  in¬ 
crease  In  pressure  coefficient.  The  thrust,  however,  Increased 
over  3Z  as  shown  In  Table  IX  and  the  difference  Is  attributed  to 
removing  the  facility  walls  (see  Section  III). 

During  the  testing,  wind  directed  tt  the  wing  leading  edge  was 
found  to  have  an  effect  on  measured  thrust  and  this  Is  discussed 
later  In  this  section  of  the  report.  There  was,  however,  also  an 
Indication  of  a  change  In  fan  Internal  performance  due  to  the  wind 
which  Is  shown  In  Figure  33.  The  difference  In  pressure  coefficients 
measured  for  nearly  still  air  snd  10-15  m.p.h.  wind  cases  Implies 
about  2  1/2Z  thrust  reductions  at  the  higher  velocity.  Figure  33 
also  shows  that  this  chsnged  performance  Is  attributable  to  poorer 
pressure  profiles  st  the  wing  leading  edge  rake  locations. 

Figure  34  compares  two  sets  of  data  at  different  wind  conditions 
for  the  flnsl  configuration  and  an  Improvement  Is  again  noted  as 
the  wind  velocity  Is  reduced,  being  primarily  an  Increase  In  pres¬ 
sure  coefficients  measured  near  the  leading  edge.  It  should  be 
noted  that  In  quoting  the  flnsl  configuration  pressure  coefficient, 
the  data  for  a  high  wind  case  was  used.  This  was  done  because  at 
low  wind  velocity  the  facility  control  room  caused  the  turbine  dls- 
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charge  gas  to  recirculate  into  the  fan  and  this  tnade  calculation 
of  pressure  coefficients  less  reliable  (since  they  are  based  on 
tip  speed  squared  and  a  slight  error  in  temperature  correction 
could  result  in  a  substantial  error  in  pressure  coefficient). 

The  overall  effect  of  wind  velocity  on  measured  thrust  is  larger 
than  can  be  attributed  to  this  change  in  internal  performance  as 
will  be  discussed  later. 

Inlet  Flow  Angles: 

Relative  inlet  flow  angles  were  calculated  from  rotor  inlet 
static  pressure  measurements.^  The  data  indicate  that  the  per¬ 
formance  of  the  fan-in-wlng  would  be  improved  by  twisting  open 
the  rotor  tip  so  as  to  improve  the  air-to-blade  angle  relation¬ 
ship  (Increased  incidence)  and  absorb  more  power. 

Figure  35  shows  the  rotor  inlet  relative  air  angle  for  the  fan- 
in-  fuselage  tests  of  Run  11.  There  is  a  good  match  of  blade 
angle  and  relative  air  angle  over  the  range  of  throttling.  The 
blade  leading  edge  angle  is  larger  than  the  design  air  angle  for 
several  reasons:  1)  optimum  incidence  angle  is  slightly  negative 
for  a  cambered  airfoil;  and  2)  extra  negative  Incidence  was  factored 
into  the  design  to  provide  stall  margin  during  throttling. 

Figure  36  is  a  similar  plot  for  the  fan-in-wing  With  the  exit 
measuring  duct.  As  predicted  by  the  flux  plot,  the  tip  incidence 
is  quite  negative  for  the  un-throttled  case,  while  the  hub  incidence 
is  higher  than  for  the  fuselage  installation.  Improvement  In  power 
absorption  could  be  obtained,  at  the  expense  of  throttle  stall  margin 


Axial  flow  is  assumed  and  its  velocity  is  calculated  from  the  static 
pressure  measurement  assuming  total  pressure  is  equal  to  ambient.  The 
relative  flow  angle  is  then  obtained  from  the  blade  speed  and  axial 
velocity. 
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by  twisting  open  the  rotor  tip  three  to  five  degrees  to  match 
the  relative  air  angle. 

The  relative  flow  angle  variance  with  circumferential  location 
is  shown  in  Figure  37.  Rake  C  which  is  in  the  deep  part  of  the 
inlet  shows  the  effect  of  turbine  leakage  on  inlet  air  angle. 
Considerable  testing  has  been  done  on  the  scale  model  fan  showing 
good  agreement  with  the  full-scale  fan.  Figure  38  shows  inlet  air 
angles  for  both  the  full  scale  and  scale  model  fan  without  a 
measuring  section.  The  scale  model  fan  has  the  inlet  vane  in¬ 
stalled  as  is  evident  by  the  point  at  the  tip. 

Fan  Efficiency  and  Power  Consumption: 

Data  from  Run  25  was  used  to  obtain  the  fan  efficiency  and  power 
consumption.  The  stage  efficiency  is  Q\.2X  average  and  the  fan 
power  consumption  is  2905  horsepower  at  lOOX  fan  speed.  Com¬ 
parison  of  Internal  .characteristics  is  made  with  the  fan-in- 
fuselagc  (X353-5-001)  shown  in  Table  X. 

No  measurements  of  inlet  losses  were  made  for  the  fan-in-wing 
tests.  The  pressure  rises  arc  referred  to  ambient  in  the  wing 
configuration  instead  of  rotor  inlet  (plane  10.3)  average  total 
pressure  as  was  the  case  for  the  fuselage;  therefore,  the  fan-ln- 
wing  pressure  rise  and  efficiency  include  the  inlet  losses.  If 
the  inlet  loss  is  approximated -using  the  67.  bellmouth  loss  measured 
by  the  boundary  layer  rakes  in  the  fuselage  duct  inlet,  then  a  fan- 
in-wing  efficiency  can  be  calculated  without  inlet  losses.  This 
loss  coefficient  is  0.0^1  based  on  duct  velocity.  Converting  this 
to  a  loss  coefficient  based  on  tip  speed,  it  would  be  expressed  by: 
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TABLE  X 


COMPARISON  OF  INTERNAL  CHARACTERISTICS  OF 
FAN -IN -FUSELAGE  (X353-5-001)  AND  FAN-IN-WING  (X353-5-002) 


Fan -in -Fuselage 

Fan-ln-Wlng 

Fan-in -Wing 

X353-5-001 

X353-5-002 

Relative  to 

Buildup  No.  1 

Buildup  - 

Fan-in- 

Reading  No.  68 

No  1 

Fuselage 

*Rotor  Efficiency,  T)j^ 

98, O^’ 

100,7*^ 

Up  2.77. 

*Stage  Efficiency,  7)^ 

83  0*^ 

o 

00 

Down  2 . 2X 

Flow  Coefficient,  f 

0  597 

0  591 

Down  1.0% 

Pressure  Coefficient, 

10.6 

0.372*^ 

0.378*^ 

Up  1.6% 

Pressure  Coefficient, 

11,0 

0.314*^ 

0.305*^ 

Down  2.0% 

Fan  Horsepower  Absorbed  - 

HP 

^  (at  100%  Np//e) 

2890 

2905 

Up  0.5% 

Due  to  the  measurement  accuracies  Involved,  the  efficiency  values 
are  more  significant  as  they  imply  an  incremental  or  percentage 
change  rather  than  as  they  identify  a  specified  level,  l.e., 

=  100.7,  See  discussion  of  "Fan  Efficiency  Measurement  Accuracy" 
on  the  following  page. 

Referred  to  plane  10.3 

Referred  to  ambient  conditions 


Loss  coefficient 
based  on  tip  speed 


/  Annulus  Area\  ® 
\  Duct  Area  / 


cu 


^  ^t  inlet 

=  1/2  p(V^^p)» 


=  (O.OAl)  (0.84)®  (0.59)®  =  0.010 


Excluding  the  inlet  loss,  fsn-in^wing  stsge  efficiency  1st 


11.0 


0.315 

0.305 


+  0.010 


11.0 

(81.2) 


(81.2) 

=  83.97. 


and  the  fan-ln-wing  discharge  coefficient 


<^11.0> 


is  0.315. 


A  comparison  of  the  fan-absorbed  horsepowers  which  were  calculated 
from  fan  flow  and  temperature  rise  data  give  further  evidence  that 
system  horsepower  absorption  is  lower  than  calculated  from  J85  dls- 
conditions  for  the  configuration  with  the  diverter  valve 
positioned  for  bleed;  the  fan-ln-wing  to  fan-ln-fuselage  fan- 
absorbed  horsepower  ratio  is  2905/2890  .  1.005  as  compared  to  the 
system  horsepower  ratio  of  4250/4140  »  1.026.  Indications  are 
that  the  fan-ln-wlng  system  horsepower  absorption  should  be  about 
the  same  as  fan-ln-fuselage  horsepower  absorption  because  both  the 
fan-absorbed  horsepower  and  turbine  efficiency,  as  will  be  discussed 
later  in  tSiis  section,  are  essentially  the  same.  The  measured 
power  differences  between  the  two  configurations  would,  therefore, 
have  to  be  due  to  Increased  power  losses  between  the  J85  engine  and 
the  fan  turbine  inlet,  apparently  resulting  from  diverter  valve 
door  positioning  for  bleed. 

Fan  Efficiency  Measurement  Accuracy : 

The  stage  efficiency  listed  in  Table  X  for  the  fan-in-wing  con¬ 
figuration  (81. 2X)  is  the  mean  efficiency  from  the  eleven  data 
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points  obtained  during  Run  25  listed  below; 


Reading  Number  T|  (%) 


(X) 


501 

79.9 

87.5 

505 

89.4 

100.3 

506 

80.0 

100.8 

50  7 

83.1 

100 .5 

508 

78.4 

101.0 

508A 

73.4 

101.0 

511 

80.8 

101. 1 

512 

83.1 

100 .6 

513 

79.7 

100.5 

519 

88.2 

99.7 

520 

77.2 

99.6 

Mean 

81.27. 

Statistically, 

there  is 

a  95Z  certainty  that 

the  mean  efficiency 

calculated  from  any  group  of  eleven  data  points  (for  the  same  con 

figuration  and 

operating 

conditions)  will  be 

within  +  2.8  points 

of  this  value. 

Part  of 

this  tolerance  is  due 

to  the  different 

temperature  measurement  setup  used.  In  earlier  runs,  the  tempera¬ 
ture  rise  was  read  as  a  local  differential  temperature  between 
pairs  of  elements  on  the  inlet  and  discharge  rakes  approximately 
in  the  same  streamline  and  tended  to  eliminate  any  effect  of  time 
fluctuation  due  to  any  recirculation  on  local  streamline  tempera¬ 
ture.  This  also  avoided  the  necessity  of  applying  a  recovery* 
correction  for  the  thermocouples  since  both  inlet  and  discharge 
were  in  approximately  the  same  velocity  field.  In  Run  25,  all  of 
the  inlet  temperatures  were  read  individually  but  not  synchronized 


For  Run  25,  a  recovery  factor  of  0.6  degrees  was  applied  to  the 
discharge  thermocouples.  The  inlet  thermocouples  were  located  on 
the  fan  inlet  screen  and  required  no  recovery  correction  for  the 
low  velocity  environment. 


with  specific  discharge  elements  which  were  also  read  individually. 
These  data  points,  however,  were  obtained  with  relatively  insig¬ 
nificant  reingestion  which  minimized  this  instrument  setup  de¬ 
ficiency.  The  eleven  points  do  not  represent  an  ideal  statistical 
sample  which  could  be  overcome  only  by  a  greatly  increased  number 
of  data  points  but,  since  there  is  no  legitimate  means  to  eliminate 
any  of  the  data,  all  eleven  points  were  used  in  the  calculation  of 
mean  efficiency  and  this  represents  the  best  value  which  can  be 
obtained  with  the  available  data. 

Throttle  Characteristics: 

The  constant  speed  throttle  line  of  the  wing  installation  appears 
flatter  and  subject  to  greater  flow  reduction  for  a  given  louver 
deflection  than  the  fuselage  installation  (see  Figure  39).  The 
flow  coefficients  for  the  fan-in-wing  with  the  exit  louvers  in¬ 
stalled  are  low  at  P  *  0*  when  compared  to  the  fan-in-wing  with 
exit  duct  Installed  (0.554  as  compared  to  0.591). 

Table  XI  compares  thrust  coefficients  calculated  from  internal 
measurements  and  the  measured  thrust  changes  as  a  function  of  P. 
These  show  consistent  results. 

Figure  40  shows  the  rotor  discharge  pressure  coefficients  (average 
of  four  rakes)  as  a  function  of  radial  position  and  louver  setting. 
The  second  and  third  immersion  pick  up  load  continuously,  but  the 
tip  region  falls  off  at  35*.  From  Figure  41  it  is  apparent  that 
rake  D  in  the  active  arc  at  the  trailing  edge  is  the  most  affected 
at  the  tip  for  the  35*  louver  position. 

Turbine  Efficiency: 

The  turbine  efficiency  for  Fan  002  was  calculated  to  show  the  effect 
of  removal  of  the  turbine  tip  seal.  Fan  001,  Buildup  Number  2  is 
used  as  the  basis  of  comparison,  because  scroll  S/N  002  was  also 
used  in  that  buildup. 


43 


Table  XII  lists  calculated  turbine  efficiencies  for  individual 
test  points  for  both  fans.  Average  of  these  points  give 
efficiencies  of  82.1%  for  Fan  001  (with  seal)  and  83.97.  for 
Fan  002  (without  seal) . 


TABLE  XI 


FAN-IN-WING  THRUST  COEFFICIENTS 


Exit  Louver 
Angle,  3 
(deg.) 

Thrust 

Coefficient, 

T 

Per  cent 
Change 

Thrust 
Coefficient , 

K 

T 

Per  cent 
Change 

0 

• 

0.347 

0.322 

20 

0.337 

2.9 

0.307 

4.7 

30 

0.313 

9.8 

0.288 

10.5 

35 

0.296 

14.7 

0.271 

15.8 

«*  +  t 


10.6 


(see  Reference  6) 


TABLE  XII 


X353-5  TURBINE  EFFICIENCIES 


Reading 


Fan  001, 
Buildup  No. 
(with  Seal) 
Turbine 
Efficiency 


Reading 


Fan  002, 
Buildup  No.  1 
(without  Seal) 
Turbine 
Efficiency 


41 

0.788 

43 

0.861 

44 

0.803 

45 

0.836 

46 

0.823 

61 

0.807 

62 

0.819 

63 

0.810 

64 

0.856 

65 

_  0.811 

Mean 

Efficiency  «  0.821 


202 

0 .907 

203 

0.894 

204 

0.805 

205 

0.796 

206 

0.880 

209 

0 .902 

210 

0.900 

211 

0 .830 

212 

0.812 

213 

0.814 

214 

0.770 

219 

0 .803 

220 

0.799 

Mean 

Efficiency  >i 

0.839 

1! 


A  statistical  analysis  of  the  data  gives  the  following  results; 

1.  Any  similarly  obtained  group  of  ten  individual  turbine 
efficiencies  will  give  a  mean  efficiency  of  0.821  +0.014 
for  Fan  001  with  95TL  certainty. 

• 

2.  Any  similarly  obtained  group  of  thirteen  individual  turbine 
efficiencies  will  give  a  mean  efficiency  of  0.839  +  0.026 
for  Fan  002  with  95TL  certainty. 

3.  With  a  difference  of  0.018  for  the  two  means,  the  pro¬ 
bability  that  one  mean  (for  another  group  of  ten  individual 
efficiencies  for  Fan  001)  and  another  mean  (for  another 
group  of  thirteen  individual  efficiencies  for  Fan  002)  will 
differ  by  0.018  or  more  is  about  3511. 

4.  The  mean  efficiency  for  all  test  points  (both  fans)  is  0.832 
with  9511  certainty  that  any  two  groups  of  test  points  (ten 
for  Fan  001  and  thirteen  for  Fan  002)  will  have  a  mean 
efficiency  within  +  0.016  of  this  value. 

The  turbine  tip  seal,  therefore,  has  made  no  detectable 
difference  in  the  turbine  performance  but  changes  on  the 
order  of  several  points  in  efficiency  probably  could  not  be 
detected . 
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c,  FAN  SYSTEM  PERFORMANCE 


The  final  test  configuration  (fan-ln-wing  with  circumferential 
inlet  vane  and  no  baffle)  static  system  performance  is  shown  in 
Figures  42  to  46.  Some  major  configuration  changes  were  made  and 
environmental  effects  also  were  varied,  wherever  possible,  in 
order  to  evaluate  their  effect  on  performance.  The  most  significant 
changes  are  shown  in  Table  IX  and  Figure  42.  Configuration  (2) 

IS  the  initial  configuration  tested.  The  deterioration  in  perfor¬ 
mance  due  to  bellmouth  separation  is  evident  as  the  fan  speed  is 
Increased.  Performance  is  better  at  507.  speed  than  for  config¬ 
urations  (3)  and  (4)  because  the  ’initial  configuration  is  not 
separated  at  this  speed  and  it  has  no  baffle  to  reduce  its  flowpath 
area  and  thrust.  The  facilities  effect  mentioned  earlier  (Section 
111)  is  evident  in  the  difference  between  curves  (3)  and  (4)  and 
curves  (5)  and  (6) . 


7020  pounds  thrust  at  design  horsepower®  for  the  fan-in-wing  final 
configuration  occurs  at  99.87.  of  design  speed.  This  is  equivalent 
to  7050  pounds  at  100%  speed.  During  all  tests  with  the  facility 
walls  down,  the  J85  engine  inlet  operated  within  3"  of  ambient 
temperature.  During  Run  26,  J85  inlet  temperature  rise  reached  9” 
for  Northeast  wind  conditions.  The  fan  inlet  was  within  4‘  of 
ambient  temperature  for  all  speeds  and  beta  settings,  except  for 
conditions  of  still  air  or  high  North  winds.  With  either  of  these 
conditions,  the  turbine  discharge  air  was  deflected  off  the  test 
control  room  wall  back  into  the  fan  inlet  and  the  average  fan  inlet 
Density  was  approximately  20'F. 


Figures  43,  44,  45  and  46  show  the  average  speed,  total  thrust  and 
horsepower  relationships  for  low  wind  velocity  conditions  with 
negligible  recirculation.  Figure  46  Illustrates  the  effect  of  high 


Design  HPj  ^ 


=.  4270 
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wind  velocity  on  thrust.  The  two  curves  were  obtained  by  selecting 
points  from  a  calm  day  (0  to  3  mph)  and  a  windy  day  (8  to  15  mph) . 
The  lOOX  speed  thrust  could  be  as  high  as  7150  pounds  for  a  calm 
day  versus  6850  pounds  for  a  windy  day.  The  7050  pounds  thrust 
given  above  for  the  fan  performance  is  actually  an  average  of  data 
taken  over  a  range  of  wind  velocity  from  0  to  5  mph  and  it  may, 
f  fo*'* •  h*  slightly  pessimistic.  This  wind  influence  referred 

to  as  "lift-droop"  is  discussed  in  detail  in  part  E  of  this  section 
of  the  report. 

Table  XIII  is  a  comparison  of  fan-ln-fuselage  and  fan-ln-wlng  per¬ 
formance  against  the  objective  performance  as  listed  in  Reference  7. 
The  coluana  showing  the  deviations  from  objective  performance  are 
an  attempt  to  assign  the  losses  to  the  various  components. 

The  following  derivatives  were  used; 

*  0.44;  HP  -  constant 

*  0.5;  HP  «  constant 

=  _  «  aF_ _ » 

^  turbine  ^turbine  leakage 

0.7;  HP  «  constant 

The  results  In  Table  XIII  are  based  on  actual  data  taken.  The 
data  were  scaled  to  design  HP^  ^  using  the  fan  laws.  The  assign¬ 
ment  of  component  performance  was  based  on  the  following: 

1.  Fan  002  inlet  performance  was  not  measured  because  the  inlet 
vane  trailing  edge  was  below  the  boundary  layer  rakes.  It  was 
assumed  that  the  fuselage  data  for  a  6%  bellmouth,  no  vanea 


3F 


dii) 


10.3 


3F 


dor. 


13 


3F 


aTi 


fan 
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TABLE  XIII 

COMPARISON  OF  DESIGN  OBJECTIVES  AND  TEST  RESULTS 


(1) 

Estimated 

Minimum 

Bulletin 

Perfor¬ 

mance 

(2) 

X353-5-001 
Fan- In - 
Fuselage 

No  Inlet 
Vanes  with 
Exit  Louvers 

Change  In 
Thrust 
Relative  to 
Bulletin 
(!)-(?.) 

(3) 

X353-5-002 
Fan-ln- 
Wlng  with 
Inlet  Vane 
and  Exit 
Louvers 

Change  In 
Thrust 
Relative  to 
Bulletin 
(l)-(3) 

4270 

4270 

. 

4270 

F,  Iba. 

7430 

7140 

-290 

7020 

-410 

Np.  1, 

98.2 

101.2 

- 

99.8 

- 

‘"10.3 

0.085 

0.041 

+140 

0.041 

+140 

‘"13.0 

0.040 

0.057 

-  63 

0.057 

-  63 

^an 

0.867 

0.831 

-187 

0.839 

-146 

^^rblne 

0.832 

0,832 

0 

0.832 

0 

Turbine 

Leakage , 

”5.4 

1.2 

3.5 

-120 

Hub  Drag,  lbs. 

0 

75 

-  75 

75 

-  75 

Turbine  Leakag 
and  Unaccount¬ 
able  Losses, 
lbs . 

e 

-266 

Unaccountable 
Losses,  lbs. 

+  15 

and  the  deep  duct  combination  was  equivalent  to  the  wing  data 
for  a  6Z  bellmouth  and  circular  vane  configuration. 

2.  Exit  louver  losses  were  also  assumed  to  be  the  same  as  measured 
for  Fan  001.  These  losses  are  based  on  a  comparison  of  thrust 
results  with  and  without  exit  louvers  installed  (also  without 
exit  measuring  section) . 

3.  Hub  drag  is  based  on  static  pressure  measurements  on  the  rear 
frame  hub  from  the  fan-ln-fuselage  tests. 

4.  Turbine  leakage  was  measured  for  Fan  001  only,  by  both  a  heat 
balance  and  from  a  pressure  differential  using  a  calculated 
seal  clearance.  Fan  002  was  not  instrumented  for  leakage  data 
and  this  item  is,  therefore.  Included  in  unaccountable  losses. 

5.  Fan  and  turbine  efficiencies  were  calculated  for  both  fans  from 
flow  and  temperature  rise  data. 

Throttle  Characteristics: 

Throttle  characteristics  of  the  fan-in-wlng  configuration  differ 
significantly  from  the  fan-in-fuselage  configuration*  as  mentioned 
previously  in  the  section  on  internal  performance;  Figures  47  and  48 
show  the  fan-ln-wlng  throttle  performance  to  fall  off  more  rapidly. 
At  negative  louver  angles  fan-ln-wlng  performance  appears  to  be 
better,  however,  the  available  fan-ln-fuselage  test  data  in  this 
region  were  somewhat  limited.  Figures  49  through  52  show  the 
vertical  and  horizontal  to  total  thrust  ratios  as  a  function  of 
actual  and  indicated  turning  angle  for  both  constant  speed  and  con¬ 
stant  power  operation.  These  curves  were  used  to  derive  the  total 
to  total  thrust  ratio  curves  in  Figures  47  and  48. 


Fan-in-fuselage  throttle  characteristics  based  on  Fan  001.  Reference  1. 
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A  comparison  of  thrust  coefficients  based  on  pressure  and  flow 
coefficients  for  the  fan-in-wing  and  fan-in-fuselage  configuration 
indicates  that  a  greater  flow  reduction  occurs  with  throttling  for 
the  fan-ln-wlng  case  (see  Table  XIV).  Even  though  the  fan-ln-wing 
has  a  lower  flow  coefficient  at  3  =  0°,  the  thrust  coefficient  is 
equal  to  the  thrust  coefficient  for  the  fan-in-fuselage  because  of 
the  higher  pressure  coefficient.  Figure  53  shows  the  lift  versus 
the  horizontal  thrust  as  a  function  of  fan  speed  and  fan  horsepower. 

The  effect  of  this  steeper  throttle  characteristic  on  maximum  flight 
speed  during  transition  will  be  obtained  in  a  later  wind  tunnel 
test  program.  It  will  be  a  function  of  the  change  in  ram  drag  because 
of  reduced  fan  flow  and  any  change  in  angle  of  attack  to  account 
for  lift  variation  as  well  as  the  change  in  vectored  thrust. 

Staggered  Louver  Performance: 

Figure  54  schematically  illustrates  the  use  of  dual  actuated,  louvers 
for  aircraft  control  power.  Various  staggered  louver  settings  were 
tested  and  the  results  are  shown  in  Figures  55  through  58. 

There  is  essentially  no  change  in  performance  between  staggered 
louver  settings  of  0^  ■■  0”  and  10*.  Beyond  10*  0^,  the  staggering 
begins  to  Increase  exit  louver  losses  and  provides  thrust  control. 

The  figures  listed  above  give  this  performance  in  terms  of  total  fan 
thrust  as  well  as  in  terms  of  horizontal  and  vertical  components  as 
a  function  of  the  indicated  average  exit  louver  angle  setting. 

Figures  55  and  56  are  plots  of  staggered  louver  performance  data 

taken  early  in  the  test  program  prior  to  installing  the  circular 

vane  in  the  inlet.  The  thrust  spoiling  characteristic  is  quite 

different  from  that  obtained  with  the  inlet  vane  installed  at  the 

higher  B  settings.  There  is  no  Issnedlate  explanation  for  this 
ave 

change.  Additional  data  with  another  inlet  configuration  (circular 


51 


vane  plus  fixed  side  vanes)  is  planned  in  the  forthcoming  wind 
tunnel  test  program.  It  will  be  necessary  to  review  all  these 
data  at  that  time  to  determine  the  final  thrust  spoiling  charac¬ 
teristics  as  a  function  of  3  and  also  crossflow.  Based  on 

ave 

the  data  taken  with  the  circular  vane  installed,  Figures  57  and  58 
increasing  the  stagger  angle  at  the  higher  8^^^  angles  (say  30  “) 
does  not  provide  lift  modulation  but  does  result  in  a  variation 
in  horizontal  thrust. 

Lift  modulation  versus  stagger  angle  is  also  seen  to  be  a  non¬ 
linear  relationship,  therefore,  symmetrical  force  changes  require 
unsymmetrical  changes  in  stagger  angle.  Based  on  a  lift  of 

7050  pounds  at  8  «  10*  and  8  “  0®,  to  obtain  control  of 

»  ave 

6610  +440  pounds  requires  a  setting  of  8  "  22* 


TABLE  XIV 

COMPARISON  OF  FAN-IN-WING  AND  FAN-IN-FUSELAGE  THRUST  COEFFICIENTS 


Exit  Louver 
Angle,  8 
(deg.) 


Fan-in-Fuselage  Fan-ln-Wing 

Thrust  Thrust 

Coefficient,  Coefficient, 


0 

0.348 

0.347 

20 

0.343 

0.337 

30 

0.332 

0-313 

35 

0.319 

0.296 

»T 


r^  + t 


(sec  Reference  6) 
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Fan  Transient  Aerodynamic  Performance: 

Fan  response  in  terms  of  per  cent  lift  is  presented  in  Figures  59 
through  61  for  several  throttle  transients  and  diverter  valve 
actuations.  Table  A-4  in  Appendix  A  lists  all  of  the  transients 
conducted . 

Acceleration : 

Actual  transient  performance  for  engine  acceleration  is  shown  with 
predicted  transient  performance  in  Figure  59.  Curve  (A)  in 
Figure  59  was  obtained  by  using  the  J85-5  guarantee  level  accelera¬ 
tion  characteristic,  the  fan  polar  moment  of  inertia  and  available 
and  required  torques  from  the  turbine  and  fan  based  on  fan  design 
objectives.  Curve  (B)  was  estimated  similarly  except  the  measured 
J85-5  throttle  response  characteristic  was  used  in  place  of  the 
guarantee  performance  (1.4  seconds  from  J85  speed  to  an  engine 
terminal  speed  equivalent  to  957i  fan  rpm  versus  the  5  seconds 
guarantee  characteristic  between  J85-5  idle  and  military). 

In  comparing  the  actual  performance  with  estimated  for  the  same 
engine  acceleration  time  shows  very  close  agreement  with  the  actual 
transient  being  slightly  faster.  These  data  indicate  that  not  only 
can  the  fan  response  be  significantly  faster  than  that  based  on  J85 
guarantee  level  performance,  but  also  that  fan  response  with  an 
engine  just  meeting  guarantee  performance  would  be  essentially  as 
predicted  in  Curve  (A) . 

Transient  performance  is  similarly  presented  In  Figure  60  for  fan 
acceleration  via  diverter  valve  actuation  from  the  cruise  to  lift 
mode.  The  actual  performance  obtained  for  a  diverter  valve  actuation 
time  of  1.32  seconds  appears  to  be  significantly  faster  than  esti¬ 
mated  and  this  is  probably  the  result  of  assuming  a  longer  lag  time 
in  diverting  air  to  the  fan  than  actually  occurs.  This  Implies  that 
actual  performance  for  a  1  second  actuation  at  military  speed  will 


be  somewhat  better  than  the  Curve  (A)  prediction.  The  only  faster 
actuation  data  obtained  (1.12  seconds)  were  for  a  lower  fan  terminal 

speed,  however,  the  faster  initial  fan  response  is  also  apparent 
here. 

Deceleration: 

Figure  61  shows  close  agreement  between  actual  and  estimated  curves 
for  a  diverter  valve  switch  from  the  lift  to  cruise  mode.  The 
measured  data  do  not  begin  with  the  same  steepness  as  the  estimated 
due  to  the  inertia  of  the  diverter  valve  doors.  This  means  that  a 
diverter  valve  switch  at  1007.  fan  lift  will  result  in  a  curve  as 
steep  as  the  estimated  but  offset  from  it  by  approximately 
0.2  seconds.  Reducing  the  switch  time  from  1.3  seconds  to  1  second 
may  reduce  this  offset  slightly. 


Fan  deceleration  via  an  engine  throttle  chop  is  shown  in  Figure  62 
for  a  1.6  second  throttle  movement  versus  that  estimated  based  on 
the  maximum  control  operating  speed  of  1  second.  The  measured  data 
in  Figure  61  is  very  similar  to  the  estimated  1  second  throttle  chop 
results  in  Figure  62  giving  an  indication  of  how  the  fan  will  re¬ 
spond  to  a  faster  throttle  movement  than  actually  tested. 

J85  Overspeed: 

Engine  overspeeds  of  approximately  3.5X  (e.g.  from  16,240  rpm  to 
16,840  rpm)  occurred  during  diverter  valve  switches.  The  overspeeds 
measured  are  listed  in  Table  A-4.  Figure  63  shows  a  typical 

oscillograph  trace  showing  engine  overspeed  for  one  of  the  diverter 
valve  switches. 

This  overspeed  is  similar  to  that  experienced  when  the  engine  after¬ 
burner  (provided  With  the  J85-5  engine)  is  shut  off  and  the  effective 
area  change  causes  the  engine  to  follow  the  normal  droop  charac¬ 
teristic  of  the  main  fuel  control.  When  the  diverter  valve  switch 
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begins,  a  larger  area  is  provided  and  the  fuel  requirement  de¬ 
creases.  The  fuel  control  reduces  fuel  flow,  but  it  must  follow 
a  droop  line  to  do  so  as  shown  in  the  sketch  below  and  some  over¬ 
speed  results. 


The  overspeed  and  fuel  reduction  are  both  evident  in  Figure  63. 

When  the  area  begins  to  reduce  as  the  valve  nears  its  terminal 
position,  the  engine  follows  the  droop  line  back  to  the  steady 
state  operation  line.  If  the  system  is  operated  with  the  diverter 
valve  positioned  part  way  between  the  terminal  position  for  the 
lift  and  cruise  modes  without  altering  the  door  relative  positions 
to  maintain  a  constant  effective  area,  a  steady  state  overspeed 
condition  would  exist  requiring  a  throttle  position  movement  for 
correction . 

Divided  Flow  Performance : 

A  divided  flow  test  was  made  to  simulate  the  capability  for  gradual 
conversion  from  the  lift  to  cruise  mode  of  operation.  The  flow  was 
divided  by  separately  actuated  diverter  valve  doors  to  direct  p-irt 
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of  the  engine  discharge  to  the  fan  and  part  to  the  cruise  nozzle. 

In  the  Ideal  case  the  two  doors  and  the  fan  scroll  area  and  the 
Jet  nozzle  area  would  be  programmed  to  change  simultaneously  In 
such  a  manner  as  to  maintain  engine  back  pressure  and  temperature 
constant.  This  Is  for  the  primary  reason  of  obtaining  the  maximum 
energy  gas  for  driving  the  fan  but  as  pointed  out  above  would  also 
prevent  engine  overspeed.  For  this  test  each  door  was  moved 
separately  a  few  degrees  at  a  time.  The  temperatures  were  later 
obtained  by  determining  engine  horsepower  from  fuel  flow;  tem¬ 
perature  then  was  calculated  from  this  horsepower  and  measured 
weight  flow  and  pressure. 

Figure  64  shows  a  comparison  of  the  predicted  performance  of  three 
approaches  to  divided  flow  operation  along  with  actual  test  data 
points.  The  per  cent  of  design  fan  lift  and  per  cent  of  engine 
thrust  are  plotted  versus  the  per  cent  of  total  flow  which  is  de¬ 
livered  to  the  fan  turbine.  The  upper  curves  are  calculated  for 
the  area  compensated  case  which  employs  variable  fan  turbine  nozzles 
and  a  variable  Jet  nozzle  to  maintain  temperature  and  pressure.  The 
middle  curves  are  calculated  for  a  system  with  separately  actuated 
diverter  valve  doors  to  provide  the  means  for  maintaining  the  engine 
back  pressure  and  temperature.  In  maintaining  the  back  pressure  by 
this  latter  means,  there  would  be  increased  pressure  loss  associated 
with  the  throttling  effects  of  the  doors  and  the  performance  would 
not  be  as  high  as  obtained  with  area  compensation  using  variable 
nozzles.  It  would,  however,  be  better  than  performance  that  could 
be  obtained  if  no  area  compensation  were  provided  and  back  pressure 
and  temperature  were  reduced  because  of  increased  effective  area  as 
shown  in  the  lower  curves.  This  third  case  is  accomplished  by 
switching  both  doors  in  their  same  relative  position  using  a  single 
actuation  point;  a  severe  drop  in  thrust  and  lift  results. 

The  calculations  for  all  the  predicted  curves  assumed  no  additional 


56 


pressure  loss  for  the  variations  in  diverter  valve  door  relative 
position. 

The  engine  thrust  data  measured  lie  above  the  predicted  curve  for 
separately  actuated  doors  because  the  predicted  curve  assumed  the 
jet  nozzle  is  flowing  full.  In  the  actual  case  the  nozzle  is 
apparently  not  flowing  full;  with  the  diverter  valve  door  acting 
as  the  nozzle.  This  tends  to  simulate  the  area  compensated  case 
with  Ag  variable.  Additional  pressure  losses  occur  due  to  the 
inefficiency  of  this  nozzle  and  any  disturbed  flow  from  the  second 
door.  As  a  result,  the  test  data  do  not  match  the  optimum  perfor¬ 
mance  shown  by  the  upper  curve.  The  scatter  which  is  evident  in 
the  thrust  ratio  points  may  be  indicative  of  unstable. flow  con¬ 
ditions  in  the  valve  and  tailpipe.  All  data  have  been  corrected 
to  a  common  T^  ^ 

Fan  lift  ratio  data  measured  fall  along  the  predicted  curve  for 
separately  actuated  doors.  The  flow  through  the  scroll  closely 
simulated  the  case  used  in  obtaining  the  middle  curve.  No  effect 
on  lift  ratio  was  expected  because  of  "Ag”  being  variable  instead 
of  fixed.  A  ,  was  not  variable  and  the  scroll  very  probably  was 
flowing  full  (except  for  the  one  test  point  at  17.27.  ^^5  4^5.15^ 
and  corresponded  to  the  conditions  assumed  for  the  middle  curve 
for  fan  lift. 


In  order  to  determine  the  flow  split,  an  iterative  calculation  pro¬ 
cess  was  used  to  satisfy  continuity  and  energy:  and  fan 

speed  were  known;  ^  was  measured  in  the  scroll  by  only  two 

single  element  probes,  but  this  was  the  base  point  for  assuming  a 
value  of  P  , ;  the  ideal  horsepower  HP  ,  to  satisfy  the  measured 
speed  was  determined  from  known  fan  characteristics,  from  this 
power,  the  measured  T^.^  and  the  assumed  P^j  4.  the  weight  flow 
was  calculated;  with  the  weight  flow,  the  turbine  flow  function 


Wj  4'^^t5  l/^t5  4  '***  calculated  and  compared  with  known  fan 

characteristics  versus  , /P  .  ratio;  new  values  of  P  ^  , 

t5.4  amb  t5.4 

were  assumed  and  the  process  repeated  until  the  calculated  flow 
function  agreed  with  known  characteristics. 

The  test  results  agree  very  closely  with  the  predicted  performance 
and  indicate  that  the  predicted  values  can  be  safely  used  for 
transition  analysis.  At  high  flight  speeds  and  low  fan  speeds, 
some  Judgement  will  still  be  required  to  predict  the  effect  of  fan 
inlet  distortion  on  efficiency. 

During  low  fan  speed  operation,  high  torque  band  temperatures  were 
experienced  due  to  the  lack  of  cooling  air  pumped  by  the  fan. 

Figure  65  is  a  plot  of  torque  band  temperature  versus  flow  split 
and  EGT  (T^  ,^5)  . 

A  fan  blade  resonance  was  encountered  at  975  rpm  which  had  previously 
been  observed  in  the  fan  vibration  characteristic  during  engine 
acceleration  to  idle  speed. 

Diverter  valve  door  vibrations  did  not  occur  at  any  of  the  door 
positions  tested.  A  schematic  of  the  diverter  valve  doors  set  for 
divided  flow  is  shown  in  Figure  66  along  with  a  tabulation  of  the 
different  door  positions  tested. 

D.  FAN  MECHANICAL  PERFORMANCE 


Testing  of  the  lift  fan  system  during  this  50  hour  program  in¬ 
cluded  a  series  of  runs  to  study  and  evaluate  fan  mechanical  per¬ 
formance  for  the  wing  mounted  configuration.  The  tests  have  pro¬ 
vided  a  definition  of  fan  mechanical  characteristics  during 
operation  conditions  previously  unexplored.* 


Review  Section  Vl-A,  Reference  1  for  prior  static  test  mechanical  per¬ 
formance  results. 
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Rotor  BlAde  Stresses: 


Cosine  29  Mode  -  The  wing  inlet  environment  Increased  the 
cosine  20  mode  stress.  The  effects  of  the  various  configurations 
tested  are  difficult  to  analyze  precisely,  since  it  has  been  found 
that  the  rate  of  acceleration  through  the  cosine  20  mode  has  a 
somewhat  unexpected  effect  on  the  stress  amplitude.  During  most 
of  the  testing  there  was  no  attempt  to  use  specific  acceleration 
rates  or  even  constant  rates  of  acceleration  through  the  20  speed 
range . 

In  general,  the  cosine  20  stresses  were  15,000  to  16,000®  for  the 
wing  configuration  with  no  inlet  modification.  With  the  baffle 
Installed,  the  cosine  20  stress  dropped  to  12,000  to  13,000  psi. 
Removing  80*  of  baffle  appeared  to  have  no  effect.  For  a  com¬ 
bination  of  the  360*  inlet  vane  and  a  180“  baffle,  the  cosine  20 
stress  appeared  to  increase  slightly  to  13,000  to  14,000  psi. 

With  the  inlet  vane  and  no  baffle,  the  stress  ranged  from  11,000  to 
15,000  psi  depending  upon  the  rate  of  acceleration  through  the 
cosine  20  speed  level.  Installation  of  the  fuselage  inlet  reduced 
the  stress  to  8,000  to  9,000  psi,  and  this  is  the  same  stress  level 
experienced  with  Fan  001  using  the  fuselage  inlet  All  of  these 
values  correspond  to  an  exit  louver  setting  of  zero  degrees,  the 
effect  of  8  on  stress  is  discussed  with  transients. 

First  Flexural  Mode  -  The  first  flexural  stresses  for  Fan  002  and 
Fan  001  were  about  the  same  for  tests  of  each  using  a  fuselage  in¬ 
let.  The  maximum  stress  occurred  in  the  1850  rpm  speed  region 
where  the  first  flexural  mode  is  in  resonance  with  an  8/rev  excita¬ 
tion.  This  stress  was  6500  psi,  or  88. 5X  of  the  running  stress 
limit  (57%  of  the  absolute  stress  limit). 


®  All  stress  values  are  single  amplitude  unless  otherwise  noted. 
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Changing  to  the  wing  Inlet  had  very  little  effect  on  the  first 
flexural  mode  stress;  at  the  resonance  speed  and  above,  the  stress 
was  Increased  only  about  1000  psl. 

Torsional  Mode  -  The  torsional  mode  stresses  were  the  same  for 
both  fan-ln-wlng  and  fan-ln-fuselage  configurations  and  the 
stresses  do  not  appear  to  have  been  affected  by  any  of  the  Inlet 
or  baffle  configurations  used.  The  torsional  mode  stress  was 
highest  at  2375  rpm  excited  by  a  12/rev  component.  The  level  was 
6300  psl,  or  78Z  of  the  running  limit  (5071  of  the  absolute  limit). 

Torque  Band  -  Tangential  torque  band  stresses  recorded  as  a 
function  of  speed  during  a  slow  acceleration  and  deceleration 
between  Idle  and  2550  rpm  are  shown  In  Figure  67;  this  closely 
approximates  steady  state  levels.  The  torque  band  design  In  this 
test  was  Identical  with  that  employed  for  the  wind  tunnel  testing 
reported  In  Reference  3  which  showed  crack  Incidence  after  23  hours 
of  operation.  Similar  cracks  appeared  In  the  forward  torque  band 
after  the  ««  53  hour  program  discussed  here.  Slight  cracks  In  two 
torque  band  tabs  were  noted  during  zyglo  Inspection  which  was  also 
anticipated  based  on  Reference  3  results.  The  stress  levels  are 
consistent  with  results  measured  during  the  Reference  3  testing;  no 
particular  significance  is  attached  to  the  30  hour  difference  in 
operating  time  before  crack  Incidence  which  probably  reflects  the 
difference  In  test  conditions .and  operating  history  between  the  two 
programs  as  well  as  variations  in  assembly.  The  failure  analysis 
presented  In  Reference  3  applies  here. 

A  design  change  to  correct  this  problem  has  resulted  In  two  new  con¬ 
figurations,  each  of  which  will  be  demonstrated  in  future  test 
programs . 

Measured  torque  band  stress  compared  with  theoretical  was  very  low. 
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To  Illustrate  this  Figure  68  was  constructed  as  follows: 


-  The  diverter  valve  actuation  rate  determines  the  rotor 
acceleration  rate  and  this  with  the  rotor  polar  moment  of 
Inertia  are  used  to  obtain  the  torque  band  force  required 
to  drive  the  rotor.  Aerodynamic  blade  forces  are  Ignored 
since  the  acceleration  Is  fast. 

-  The  acceleration  was  taken  from  Idle  to  2600  rpm. 

-  Three  loading  cases  were  analyzed; 

1.  tangential  -  tension  only;  maximum  possible  loading 
(full  torque  loading  carried  in  torque  band). 

2.  sinusoidal  -  one-half  tension  and  one-half  compression. 

3.  sinusoidal  plus  admission  arc  effect  -  apply  ratio  of: 

buckets  In  in-actlvc  arc  =  199  to  account  for  the 
total  buckets  32^ 

active  arc  buckets  loading  blades  directly  through 

_  a 

tangs . 

-  The  measured  tangential  stress  for  accelerations  between  idle 
and  2A50  rpm  was  extrapolated  for  the  idle  to  2600  rpm  case 
to  account  for  the  different  acceleration  rate. 

The  force  producing  the  torque  required  to  drive  the  rotor  is 
necessarily  as  shown  and  the  low  measured  stress  compared  with 
the  possible  loading  stresses  that  can  be  estimated  is  apparently 
the  result  of  torque  transmission  in  the  inactive  arc  directly  from 


A  full  admission  turbine  would  not  require  a  torque  band. 


61 


carrier  to  carrier  through  torque  band  attachiaent  bolts  and 
covers  rather  than  via  the  torque  band  itself* 

Rotor  Stress  Response  to  J85  Throttle  Transients  -  Data  obtained 
from  a  series  of  timed  accelerations  and  decelerations  of  the  J85 
engine  between  military  and  idle  speeds  are  presented  in  Figures  69 
through  73.  Figures  69  and  70  show  maximum  blade  and  torque-band 
stress  levels  as  affected  by  J85  acceleration  or  deceleration  time. 
As  pointed  out  in  the  discussion  on  cosine  20  stress  level,  time 
is  an  important  variable  in  limiting  peak  stress  during  transients 
through  the  rotor-disc  system  resonance  speed;  but  primarily  dur¬ 
ing  deceleration.  During  acceleration,  the  resonance  mode  stress 
increases  as  a  function  of  both  increased  exit  louver  angle  and  in¬ 
creased  transient  time.  The  exit  louver  adds  a  flow  distortion  and 
the  transient  time  affects  the  residence  time  in  the  resonance  mode. 
Deceleration  transients  show  the  same  effect  of  increased  stress 
due  to  increased  exit  louver  setting,  however,  there  is  a  peak 
stress  for  the  intermediate  transient  time  of  about  5  seconds; 
either  faster  or  slower  decelerations  reduced  the  maximum  blade 
stress  level. 

Torque-band  stresses  were  not  sensitive  to  P  position  and  were 
relatively  unaffected  by  acceleration  rate.  They  did  exhibit  a 
peak  stress  response  during  deceleration  similar  to  the  blades, 
with  stresses  being  highest  for  a  5  second  transient,  however,  the 
characteristic  was  far  less  pronounced. 

In  general,  the  blade  end  torque  band  stresses  were  higher  during 
deceleration  than  acceleration. 

Analysis  of  the  transient  recordings  showed  that  the  maximum  blade 
stress  was  attained  during  approximately  the  first  third  of  the 
deceleration  transient  while,  for  acceleration,  maximum  blade  stress 
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occurred  during  the  final  half  of  the  transient;  also  it  should 
be  noted  that  the  initial  speed  is  closer  to  the  resonance  speed 
prior  to  deceleration.  This  characteristic  is  shovm  in  Figures 
71  and  72. 

Figure  73  is  included  to  show  that  peak  transient  stresses  occurred 
at  a  higher  fan  speed  on  an  acceleration  than  a  deceleration.  These 
data  also  imply  that  a  very  fast  transient  during  deceleration 
would  tend  to  result  in  the  peak  stress  occurring  at  an  even  lower 
fan  speed  which  would  be  desirable  (allowable  vibratory  stress  in¬ 
creases  as  steady-state  loadings  are  reduced) . 

There  is  as  yet  no  positive  explanation  for  the  difference  in 
blade  stress  level  as  the  rotor  is  accelerated  or  decelerated 
through  the  cosine  20  resonance;  however,  several  speculations  in¬ 
dicate  this  to  be  a  reasonable  characteristic.  For  example,  con¬ 
sidering  the  blade  Campbell  diagram  in  the  sketch  below,  it  can  be 
seen  that  the  exciting  force  is  closer  to  the  resonance  charac¬ 
teristic  in  the  speed  range  above  the  critical  speed  than  below  it. 
Also,  the  energy  level  of  the  exciting  force  is  higher  at  the  higher 
speeds.  Thus,  when  decelerating,  the  conditions  appear  to  be  pre¬ 
sent  for  a  larger  exciting  force.  The  possibility  of  the  rotor 
exhibiting  a  non-linear  "spring  constant"  characteristic  is  also  a 
consideration  which  could  influence  this  phenomenon. 


63 


The  exact  nature  of  cosine  26  exciting  forces  is  not  known  al¬ 
though  they  may  be  from  at  least  three  sources: 

1.  Partial  arc  turbine  (impulse  entering  and  leaving  the 
active  arc) . 

2.  Pressure  distortions  from  the  exit  louver  system. 


Aerodynamic  distortions  at  the  fan  inlet. 


Dlverter-Valve  Transients  -  A  series  of  runs  to  explore  lift 
fan  rotor  behavior  during  conversion  from  lift  to  cruise  and 
cruise  to  lift  modes  of  operation  was  also  conducted  during  this 
test  program.  Data  have  been  accumulated  on  critical  stress  areai 
at  various  J85  power  levels  and  diverter  valve  slew  rates  to  per¬ 
mit  extrapolation  to  full  J85  power  slew  rates  as  fast  as  0 . 10  sec 
onds.  The  static  test  data  indicate  conversion  will  not  be  a  pro¬ 
blem,  however,  areas  requiring  further  definition  in  the  wind 
tunnel  are  blade  and  torque  band  stresses  in  the  rotor  system 
critical  modes  of  vibration  (cosine  20,  cosine  36).  (Fan-in¬ 
fuselage  testing  has  shown  that  accelerations  and  decelerations 
through  26  do  result  in  an  Increase  in  blade  and  torque  band 
stress  levels  as  the  excitation  is  strengthened  by  cross  flow.) 

Review  of  the  transient  recordings  has  been  accomplished  in  con¬ 
siderable  detail.  Rotor  maximum  acceleration  rate  (see  Figure  74 
and  a  cross  plot.  Figure  75)  increased  as  diverter  valve  actuation 
time  decreased  and  also  was  higher  for  higher  J85  power  settings 
(indicated  by  fan  terminal  speed) ;  Figures  76  through  79  show  the 
fan  speed  response  characteristics  as  a  function  of  diverter  valve 
actuation  time  with  acceleration  characteristics  superimposed. 

Study  of  these  curves  shows  the  maximum  acceleration  to  occur  in 
the  fan  speed  range  between  700  and  1400  rpm.  This  is  favorable 
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from  the  standpoint  that  the  acceleration  loading  of  the  torque 
band  occurs  at  a  low  steady-state  stress  condition.  The  fan  speed 
at  which  maximum  acceleration  occurred  was  highest  for  the  highest 
J85  power  settings.  The  rotor  stress  characteristics  during 
diverter  valve  transients  were  similar  to  those  during  throttle 
transients  for  the  same  instantaneous  acceleration  rates. 

Pitch  Maneuver  Loading: 

Stress  -  Rotor  blade  stress  data  from  a  series  of  simulated 
pitching  maneuvers  on  a  wing  mounted  fan  have  been  studied  for 
response  to  gyroscopic  loading.  Results  include  a  comparison 
with  analytical  studies  and  predicted  overall  stress  levels  in¬ 
curred  by  gyro  loading  during  hover.  Extrapolation  of  these  data 
to  high  flight  speeds  is  reserved  until  completion  of  fan-ln-wing 
wind  tunnel  testing.  Maximum  gyroscopic  loading  demonstrated 
corresponded  to  a  wing  pitch  angular  velocity  of  0.52  radians  per 
second  with  the  fan  operating  at  2560  rpm  (s-  977.  speed)  . 

Figure  80  is  a  typical  transient  recording  of  important  para¬ 
meters  during  a  maneuver.  Previous  analyses  of  conventional 
turbomachinery  indicate  that  the  response  is  nearly  linear  with 
rotor  speed  for  a  given  precession  rate.  However,  the  combination 
of  long,  flexible  blades  and  the  large  tip  mass  characteristic  of 
the  lift  fan  results  in  significant  deviations  from  a  linear  re¬ 
sponse  with  speed. 

Analysis  of  predicted  gyro  effects  was  made  to  relate  the 
effective  blade  dovetail  bending  moment,  .  to  the  leading 
edge  root  stress  measured  and  to  the  rotor  speed  and  precession 
rate  respectively.  Is  an  equivalent  bending  moment  acting 

about  the  dovetail  axis  of  maximum  Inertia,  and  approximates  the 
effects  of  bending  about  both  axes.  Analysis  has  shown  that  for 


The  transient  recorder  (Sanborn)  directly  indicated  this  to  be 
0.58  rad/sec.;  however,  differentiation  of  the  wing  position  record 
versus  time  gave  the  lower  value  which  should  be  more  accurate 
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a  first  approximation: 


%  ■  ♦  2.7  Mj 

where;  is  the  bending  moment  about  the  maximum  inertia 

axis 

Mg  is  the  bending  moment  about  the  minimum  inertia 
axis 

• 

These  results  are  used  in  conjunction  with  dovetail  strength 
data  to  determine  permissible  maneuver  rates. 


The  accelerating  force  due  to  precession  is  of  the  form: 


"i  “  2 

(1)  Q  cos  (V 

t 

Where : 

^1 

= 

axial  accelerating  force  acting  on  an  element  - 
lbs . 

«1 

X 

mass  of  element  -  lb.  8ec.*/ln. 

^1 

m 

radius  from  center  of  rotation  to  element  -  in. 

U) 

= 

rotor  speed  -  rad/sec. 

n 

precession  rate  -  rad/sec. 

t 

. 

time  -  sec . 

If  the  blade  is  made  infinitely  flexible,  the  only  resistance  to 
deflection  is  provided  by.  the  centrifugal  field  which  provides 
resistance  proportional  to  rotor  speed  squared.  To  a  first  approx 
Imatlon  the  deflection  would  be  of  the  form: 

^axlal  “  ^  (fi/*)  where:  C  is  a  constant 
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This  yields  Increasing  deflection  for  a  given  precession  rate  as 
the  rotor  speed  is  reduced.  In  the  other  extreme,  a  blade  having 
sufficient  stiffness  to  make  the  centrifugal  recovery  component 
q£  restraint  negligible  would  provide  a  constant  resistance  to 
deflection.  In  this  case,  the  deflection  would  be  proportional 
to  the  driving  force  and  for  a  given  precession  rate,  the  de¬ 
flection  would  increase  linearly  with  speed. 

The  X353-5  system  lies  between  these  extremes  resulting  in  the 
predicted  response  characteristics  shown  in  Figure  81.  This  dis¬ 
cussion  does  not  include  all  of  the  dynamics  that  were  incorporated 
in  the  analysis,  but  gives  an  insight  into  the  differences  between 
the  fan  behavior  and  the  nearly  linear  behavior  of  conventional 
turbomachinery . 

The  test  data  plotted  on  Figure  81  is  within  -U  to  +67.  of  the  pre¬ 
dicted  results.  The  gyro  loading  tests  have  supplied  data  for  two 
Important  parameters  in  fan  mechanical  design:  First,  the  non¬ 
linearity  of  stress  as  a  function  of  rotor  speed  for  constant  pre¬ 
cession  rate  has  been  verified;  and  second,  because  the  data  tend  to 
agree  closely  with  the  analysis,  extrapolation  to  higher  loading 
conditions  can  be  made  with  confidence.  Figure  82  is  an  extrapo¬ 
lation  of  test  data  to  1  rad/sec.  precessional  loading  during  hover. 
Lines  are  shown  to  indicate  existing  blade  dovetail  stress  limits; 
the  reduction  from  absolute®  to  running  limits  results  from  the 
application  of  a  20%  gage  accuracy  factor  and  a  20%  blade-to-blade 
variation  factor. 

Figure  83  shows  the  magnitude  of  stress  contribution  which  would 
result  from  various  precession  rates  if  the  fan  speed  were  held 
exactly  at  the  cosine  20  resonance  speed.  The  addition  of  such 


®  Based  on  fatigue  test  data. 
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maneuver  loadings  to  other  blade  loadings  at  the  critical  speed 
would  exceed  running  limits  for  the  rotor  dovetail  design  tested. 
Modifications  of  the  dovetail  are  planned  which  will  overcome 
this  deficiency.  It  is  also  to  be  noted  that  the  stress  response 
characteristic  is  very  sharp  at  the  critical  speed  similar  to  the 
shape  of  the  total  stress  curves  in  Figure  82  near  2100  rpm;  this 
makes  it  very  difficult  to  operate  precisely  at  the  maximum  stress 
condition  because  a  very  small  change  in  speed  results  in  a  large 
reduction  in  stress.  After  wind  tunnel  data  is  obtained  for  the 
fan-ln-wlng  configuration,  it  will  be  possible  to  estimate  maximum 
combined  loadings  for  anticipated  flight  conditions.  Based  on  data 
presently  available  and  the  new  limits  of  the  modified  rotor  dove¬ 
tail.  preliminary  extrapolations  indicate  sufficient  margin  to 
accommodate  flight  specification  maneuver  loadings  at  any  tran¬ 
sition  condition  including  operation  at  the  rotor  critical  speed. 

Def.lection  -  Figures  ICOa  and  ICOb  show  the  forward  air  seal  at 
the  three  and  twelve  o'clock  positions  where  the  rotor  deflected 
across  the  face  of  the  seal  and  removed  honeycomb  with  the  torque- 
band  lip.  The  material  removed  covered  about  250*  of  arc  inter¬ 
mittently  and  extended  as  much  ss  3/8  of  an  inch  axially. 

There  was  no  stress  or  temperature  effect  indicated  during  any  of 
these  seal  excursions. 

Figure  84  is  a  plot  of  actual  and  estimated  clearance  change  during 
the  maneuver  tests  and  showed  excellent  correlation.  Th.e  maximum 
clearance  statically  Is  0  700  Inches,  and  the  rotor  deflection  on 
this  basis  does  not  appear  to  be  a  problem. 


Stator  Vane  Stress 

The  wing  inlet  configuration  increased  the  stator  vane  stresses. 
On  the  first  rune  of  Fan  002  with  no  baffle,  the  vane  stresses  in 


66 


creased  gradually  to  10,000  psl  at  lOOX  speed.  This  stress 
occurred  on  one  vane  near  the  minor  strut  (3  o'clock).  The  only 
other  strain  gaged  vane,  180  away,  exhibited  quite  low  stress. 

The  higher  stressed  stator  vane  was  being  excited  by  separated 
flow,  the  type  of  vibration  that  produces  a  rapidly  modulating 
stress.  The  torsional  and  flexural  modes  were  always  present. 

At  idle  speed,  the  flexural  mode  was  predominate.  As  speed 
approaches  the  vane  torsional  resonance,  excited  by  the  36  rotor 
blades  at  1980  rpm,  the  predominant  stress  changed  to  torsion.  At 
high  speeds,  the  stress  was  predominantly  flexural. 

When  the  baffle  was  installed,  the  vane  stress  peaked  to  A500  psi 
at  the  torsional  resonance  speed,  1980  rpm,  decreased  to  2500  psi 
at  2050  rpm  and  then  increased  gradually  to  an  average  of  5000  psi 
with  frequent  peaks  going  to  6000  psl  at  2600  rpm.  The  type  of 
excitation  was  still  separated  flow  and  because  this  can  result  in 
large  vane-to-vane  stress  variation,  four  more  strain  gages  were 
added  to  vanes  on  the  active  arc  side  of  the  fan.  More  testing  of 
this  configuration  found  the  vane  near  the  minor  strut  still  highest 
stressed  and  also  showed  vane  stress  to  increase  when  the  exit  louvers 
were  at  ^1=^2"  vane  stress  was  modulating  with  peaks 

of  12,000  psi.  In  moving  from  =  ^2  “  vane  stress 

peaked  to  16,000  psi.  This  stress  was  primarily  in  the  torsional 
mode  and  occurred  on  the  vane  near  the  minor  strut.  Two  other 
vanes,  one  at  12  and  4:30  o'clock  did  not  indicate  this  high  stress. 

With  the  inlet  vane  installed  and  with  180  of  baffle,  the  stator 
stresses  still  increased  at  2250  rpm  when  the  louvers  were  closed 
as  shown  in  Table  XV.  For  the  final  configuration  with  the  inlet 
vane  installed  and  no  baffle,  the  3  o'clock  vane  stress  at  2250  rpm 
and  35°  P  was  14,000  psi  and  the  4:30  vane  stress  6500  psl  At 
2450  rpm,  the  3  o'clock  vane  stress  Increased  from  2500  to  6000  psi 
and  4;3C  o'clock  vane  stress  from  3000  to  4000  psi  as  the  louvers 
were  moved  from  0  to  35  closed. 
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TABLE  XV 


STATOR  VANE  STRESS  AT  2250  RPM 
(Inlet  Vane  Plus  180  Baffle  Installed) 


Arc 

Active 

Active 

Active 

(3  End  of 
Scale 

p 

Setting 

(deg.) 

1 :30  o'clock 
Vane 
(psi) 

3  o'clock 
Vane 
(psi) 

4:30  o'clock 
Vane 
(psi) 

6  o'clock 
Vane 
(psi) 

0 

700 

2000 

2000 

2000 

10 

700 

2500 

4500 

2000 

15 

700 

2500 

4800 

2500 

20 

700 

3000 

3200 

2500 

30 

700 

4000 

5500 

4000 

35 

2000 

8500 

9000 

4500 

The  stress  characteristic  appears  to  be  due  to  separated  flow 
excitation  near  a  per-rev  excitation  of  a  natural  frequency.  In 
this  case,  the  stator  vanes  are  excited  at  1980  rptn  in  the  torsional 
mode  by  the  36  rotor  blades.  As  speed  approaches  1980  rpm,  the 
separated  flow  stress  adds  to  the  per-rev  excitation  stress.  This 
total  stress  is  not  just  a  vector  addition  of  the  two  types  of 
vibration  since  the  per-rev  vibration  aggravates  the  separated 
flow  condition  producing  even  higher  stresses. 

The  lowest  steady-state  speed  point  at  which  the  louvers  were 
closed  was  2250  rpm;  however,  accelerations  were  made  through  the 
1980  rpm  speed  range  with  various  exit  louver  settings.  The  stator 
stresses  at  the  torsional  resonance  speed  for  these  accelerations 
are  shown  in  Table  XVI.  These  data  show  the  same  trend  of  in¬ 
creasing  stress  as  the  louvers  are  closed.  The  data  also  show 
the  trend  of  lower  stress  for  faster  accelerations  (see  Figure  85). 
During  deceleration,  the  lowest  stres.s  occurred  for  a  five  second 
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transient  time  at  P  =  C  “  and  for  a  two  second  transient  at  P  =  35“ 
The  stresses  In  Table  XVI  are  probably  not  the  maximum  that  would 
be  encountered  if  speed  were  held  constant  at  the  resonance  point 
since  the  separated  flow  type  of  vibration  is  a  randomly  amplitude 
modulated  stress,  and  the  peaks  during  a  transient  mey  not  occur 
at  the  same  time  a?  the  resonance. 

In  general,  rear  frame  stator  stresses  increase  with  longer 
acceleration  snd  deceleration  tlr.€3  and  with  higher  exit  louver 
settings.  Bench  fatigue  tests  of  stator  vanes  with  end  conditions 
as  in  the  rear  frame  are  being  cond-tted  to  relate  these  measured 
values  with  experimental  limits.  The  effect  of  cross  flew  on  the 
stator  stress  characteristic  will  be  an  important  result  oi  the 
fan-ln-wlng  wind  tunnel  p’-ogram 

Stationary  Parts 

Frames  -  During  this  period  of  testing,  the  front  frame,  rear 
frame  and  scroll  continued  to  operate  without  apparent  effects 
from  service  loads  or  thermal  cycling,  and  in  sdditlc-.,  have 
demonstrated  their  ability  to  limit  gyroscopic  deflections  to 
design  levels  (Figure 

Inlet  Baffle  -  Several  new  inlet  configurations  were  tested  to 
improve  the  uing-installed  performance  of  the  fan  Mecha'- ically, 
these  configurations  were  accomplished  by  the  addition  of  simple 
"test-type"  cemronent  a  A  0  .C30  inch  thick  sheet  me'-ai  baffle  was 
fusion  welded  to  the  btllmouth  skin  Originally,  this  baffle  was 
installed  on  the  full  360“  circumference  of  the  fan  and  at  that 
time  no  battle  stress  levels  above  2000  to  ^000  psi  (double  ampli¬ 
tude)  were  observed  An  60 “  arc  of  this  baffle  was  later  removed 
and  at  that  time,  the  stress  level  in  the  unsupported  end  of  the 
baffle  Increased  to  6000  to  10,000  psi  d  a  This  level  was  below 
the  stress  limit  for  the  material  u*t<j  arid  did  not  limit  the  fan 


TABLE  XVI 


STATOR  VANE  STRESSES 
(Inlet  Vane,  No  Baffle) 


p 

a 

Transient 

4:30  o'clock 

3:00  o'clock 

Setting 

Tine 

Vane  psi  - 

Vane  psi  - 

(deg . ) 

Sec . 

SA 

SA 

0 

10  -  15 

5200 

4000 

0 

5 

4500 

2500 

0 

1 

3000 

2500 

10 

10  -  15 

5700 

2500 

10 

5 

6000 

2500 

10 

1 

4500 

2000 

20 

10  -  15 

8500 

4500 

20 

5 

9000 

3500 

20 

1 

6500 

2500 

30 

10  -  15 

10500 

5500 

30 

5 

8200 

— 

30 

1 

7700 

... 

35 

10  -  15 

11000 

13000 

35 

5 

9500 

9500 

35 

1 

7500 

9000 

*  Acceleration 

rates  are  seconds 

from  1140  to  2450 

rpm. 
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operation.  Subsequently,  the  entire  baffle  was  removed. 


r^^r„^ar  Inlet  Vane  -  The  circular  inlet  vane  tested  (see 
Figure  4)  was  a  solid  stainless  steel  machined  ring  bolted  into 
place  and  exhibited  no  stresses  over  2000  psl  during  any  fan 
operation. 

Hardware  Temperatures : 

Progressive  removal  of  the  inlet  baffle  resulted  in  reduction  of 
torque  band  temperatures.  The  use  of  the  circular  inlet  vane 
(360*)  had  the  effect  of  raising  torque  band  operating  temperature 
level  to  that  equivalent  to  270*  of  baffle  when  no  vane  was  used. 
This  amounts  to  a  50*  to  70 *F  higher  operating  temperature  relative 
to  the  fan- in- fuselage  configuration.  These  results  are  shown  in 
Figure  86. 

The  temperature  characteristics  of  other  rotor  parts  are  shown  in 
Figure  87  as  a  function  of  fan  speed.  These  are  approximately  a 
linear  function  of  exhaust  gas  temperature  as  shown  by  Figure  88 
and  all  are  with  design  limits.  For  a  100»F  increase  in  exhaust 
gas  temperature  the  following  temperature  rises  can  be  expected: 

Component  AT/ 100°  EGT 


Forward  torque  band  lip 

50  *F 

Blade-carrier  pin 

36 

Rotor  shaft 

25 

Aft  torque  band  lip 

15 

Other  hardware  temperature  characteristics  are  shown  in  Figure  89; 
exit  louver,  rear  frame  stator,  forward  frame,  wing,  scroll  and 
scroll  and  diverter  valve  mount;  it  should  be  noted  that  there  was 
no  skin  installed  on  the  under  side  of  the  wing. 
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Temperature  Cvcllng: 

Table  A-4,  Appendix  A  lists  the  transient  testing  accomplished 
and  the  time  -  temperature  change  experiences  for  the  hardware. 
Inspection  of  the  hardware  at  the  end  of  test  has  not  shown  any 
indication  of  trouble  or  malfunction  due  to  this  transient  tem¬ 
perature  cycling. 

Conclusions  which  can  be  derived  from  the  mechanical  performance 
test  results  are: 

1.  The  wing  inlet  has  affected  only  the  cosine  20  resonance 
mode  stress  which  varied  from  130%  to  1807.  of  the  fan- in¬ 
fuselage  level  depending  on  acceleration  rate  through  the 
critical  speed. 

2.  Combined  blade  loadings  including  maneuver  loads  require 
increased  dovetail  strength  to  meet  design  flight 
specifications. 

3.  Blade  stress  behavior  during  throttle  or  diverter  valve 
transients  is  similar: 

-  Stresses  are  highest  during  decelerations- 

-  Deceleration  stresses  peak  for  a  transient  deceleration 
time  of  about  five  seconds. 

-  Stresses  during  acceleration  are  a  function  of  tran¬ 
sient  time  and  power  level  directly  as  they  affect  the 
residence  time  in  the  resonance  speed  range. 

4.  Maximum  rotor  acceleration  always  occurs  at  a  speed  lower 
than  50%  fan  rptn  for  a  wide  range  of  transient  times  and 
power  levels. 

5.  The  best  acceleration  transients  (from  a  stress  standpoint) 
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arc  the  fastest  and  those  with  terminal  fan  speeds 
furthest  from  the  cosine  20  resonance  speed. 

6.  The  best  deceleration  transients  (from  a  stress  standpoint) 
are  also  the  fastest;  very  slow  decelerations  (>  10  seconds) 
would  also  be  favorable  for  low  0  settings. 

7.  Stator  stress  at  high  6  settings  may  require  additional 
stator  damping  particularly  if  cross  flow  increases  the 
stress  characteristic  significantly. 

8.  Higher  EGT's  associated  with  J85-5  engines  should  not  re¬ 
sult  in  exceeding  any  fan  temperature  limits. 

E.  ENVIRONMENTAL  FACTORS 


Sound  Levels: 

In  Reference  1  sound  level  measurements  were  reported  based  on  far 
field  data,  175  feet  from  the  fan.  At  907.  speed  sound  pressure 
levels  (SPL)  of  97  db  and  95  db  were  recorded  for  the  overall  (all 
octaves)  and  blade  passing  frequency  noise  levels  respectively  at 
this  distance.  This  configuration  was  the  X353-5  lift  fan  powered 
by  facility  air  heated  in  a  preburncr.  Considerable  leakage  air 
via  a  labyrinth  seal  to  provide  a  flexible  connection  between  the 
fixed  air  pipe  line  and  the  thrust  frame  was  contributing  to  the 
overall  noise  level  but  the  magnitude  of  this  contribution  was 
not  measured. 

During  Run  number  5  in  this  test  program  near  field  SPL  data  were 
recorded  while  the  lift  fan  was  powered  by  the  J85-7  engine  and 
operated  at  100%  speed.  The  microphone  was  located  11  feet  from 
the  engine  inlet.  The  overall  noise  level  at  this  distance  was 
126.3  db. 
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Table  XVII  compares  these  data  and  Includes  calculated  power 
levels  based  on  all  octaves  contributing  and  also  for  just  blade 
passing  frequency  contributing. 

During  Run  nvimber  24  a  sound  pressure  traverse  was  made  20  Inches 
below  the  fan  rotor  blade  trailing  edge  using  a  piezo-electric 
sensing  element  (see  Section  III).  Sound  data  were  recorded  at 
1113  rpm  and  2565  rpm  at  19  equally  spaced  stations  one  inch 
apart.  The  results  of  this  traverse  are  shown  in  Table  XVIII. 

This  is  a  very  accurate  measure  of  fan  exit  noise  level  due  to 
blade  passing  frequency  separate  from  the  J85  and  fan  inlet  noise 
contributions.  Three  db  has  been  added  to  the  results  in 
Table  XVIII  to  account  for  the  fan  inlet  which  is  assumed  to  be 
a  discrete  sound  power  source  and,  therefore,  an  equal  contributor 
to  total  acoustical  power  level. 

The  agreement  of  all  the  test  data  PWL  values  due  to  blade  passing 
frequency  is  excellent.  It  is  probably  somewhat  coincidental  be¬ 
cause  there  are  several  possible  errors  in  sound  measurement  that 
would  affect  the  data; 

-  measurement  accuracy  is  about  +  2.5  db 

-  no  humidity  corrections  were  determined  for  the  far  field 
measurements . 

-  near  and  far  field  measurements  are  likely  subject  to  some 
directivity. 

-  far  field  measurements  are  influenced  somewhat  by  the  presence 
of  the  facility  personnel  shield. 

-  speeds  are  not  precisely  identical. 
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Extrapolated  from  90Z  data. 

Attenuation  assumed  only  for  distance;  FWL  =  SPL  +  ^(ID  loSj^O 


TABLE  XVIII 

FAN  SOUND  POI^ER  LEVELS  DUE  TO  BLADE  PASSING  FREQUENCY  (TRAVERSE) 


Fan 

Speed 

(rpm) 

Fan 

Frequency 

(cps) 

Component 

(db 

PWL 

re  10  ^^Watts) 

Total  PWL 

(db  re  10'^\atts) 

Exit  Exit  Plus 

Only  Inlet  Estimated 

1113 

668 

1st  Harmonic 

124 

125 

128 

1336 

2nd  Harmonic 

118 

2565 

1540 

Ist  Harmonic 

143 

146 

149 

2080 

2nd  Harmonic 

142 

The  humidity  correction  is  probably  on  the  order  of  1  db  at  200  feet 
(attenuations  in  the  6th,  7th  and  8th  octave  bands  where  fans  pass¬ 
ing  frequency  is  predominate) .  The  far  field  results  given  could  be 
considered  slightly  pessimistic  on  this  basis. 

One  significant  difference  noted  between  far  field  data  obtained 
with  the  fan  powered  by  facility  air  and  both  the  near  field  and 
traverse  data  is  that  the  second  harmonic  in  the  latter  two  cases 
was  a  noise  source  essentially  equivalent  to  the  first  harmonic. 
Reviewing  Table  XVII  shows  that  the  second  harmonic  (7th  octave) 
based  on  far  field  measurement  at  90%  speed  was  significantly 
lower  (6  db)  than  the  first  harmonic  (6th  octave)  ;  Table  XVlll 
also  shows  this  to  be  the  case  at  42.5%  speed  based  on  traverse 
data.  This  leads  to  the  conclusion  that  the  blade  passing  frequency 
second  harmonic  contribution  to  overall  acoustical  power  level  is 
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not  significant  except  at  high  fan  speeds  above  90%.  The  1007. 
speed  IWL  extrapolation  for  the  initial  test  configuration  in 
Table  XVII  is  therefore  probably  low  by  about  3  db. 

Sound  data  were  also  recorded  for  the  cruise  or  turbojet  mode 

of  operation  with  the  diverter  valve  set  for  straight  through  flow. 

Figure  90  is  a  comparison  of  the  noise  levels  for  the  turbojet 

and  lift  fan  modes  of  operation  based  on  near  field  measurements. 

This  shows  a  substantial  reduction  in  noise  level  in  the  3rd 

through  8th  octaves  at  military  speed  for  the  lift  fan  mode.  On 

a 

the  other  hand,  at  idle  there  is  not  a  great  deal  of  difference 
except,  as  can  be  sensed  aurally;  the  lift  fan  has  a  lower  low 
frequency  characteristic  at  idle  than  the  J85.  It  is  not  in¬ 
consistent  with  the  previous  discussion  for  the  6th  and  7th  octaves 
in  the  lift  fan  mode  at  idle  to  be  nearly  the  same  level  in 
Figure  90;  in  this  case,  the  J85  inlet  noise  is  also  involved  in 
the  result. 

Additional  data  showing  the  individual  station  readings  for  the 
traverses  is  Included  in  Appendix  A,  Table  A-5. 

Since  the  lift  fan  noise  is  predominantly  high  frequency,  it  will 
attenuate  faster  as  a  function  of  distance.  This  will  be  a  sig¬ 
nificant  reduction,  at  say  1000  feet,  on  the  order  of  6  db.  This 
is  not  a  total  gain,  however,  because  human  reaction  to  noise  is 
dependent  to  a  large  extent  on  the  predominant  frequencies  and 
when  noise  is  of  high  frequency,  it  is  generally  more  objectionable. 
Weighting  schemes  such  as  the  PNdb*’  system  penalize  the  6th,  7th 
and  8th  octaves  quite  heavily  in  determining  overall  sound  level. 


It  should  be  noted  that  idle  here  is  sr  40%  tan  rpm  since  the  J85-7 
idles  at  72%  rpm.  Fan  idle  for  a  J85-5  engine  will  be  30  to  35%  rpm 
since  this  engine  version  idles  at  45%  rpm. 

Perceived  noise  level  -  Bolt,  Beranek  and  Newman,  Inc., 

Cambridge,  Kassachusetts . 
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The  tabulation  below  compares  the  db  and  PNdb  systems  of  evaluating 
overall  noise  levels  applied  to  the  lift  fan  considering  relative 
humidity  to  be  50TL: 


Distance  from 
X353-5  Fan 

- _  db  PNdb 


10 

126.3 

140 

200 

99 

112 

1000 

82.8 

94.5 

The  blade  passing  frequency  pure  tone  is  an  accurate  measure  of 
fan  speed.  A  comparison  of  the  fan  speed  implied  by  the  sound 
measurement  data  and  as  measured  directly  is  shown  in  Table  XIX. 
It  is  apparent  from  this  table  that  the  17.  to  37.  variation  in 
fan  speed  observed  during  test  on  the  digital  readout  can  be 
avoided  by  averaging  the  transient  oscillograph  recording.  This 
was  done  for  all  performance  data  and  the  table  shows  that  this 
is  very  nearly  true  fan  speed. 


TABLE  XIX 

SPEED  MEASUREMENT  COMPARISON 


Reading 

Number 

A.  From  Sound 
Measurements* 
(rpm) 

B.  From 
Sanborn* 
(rpm) 

C.  From  Digital 
Maximum 
(rpm) 

Readout 

Minimum 

(rpm) 

438 

1113 

1105 

1118 

1089 

443 

2565 

2570 

2591 

2548 

♦Average  for  duration  of  sound  traverse. 


Wind  Velocity: 

During  the  testing  with  the  facility  walls  taken  down,  the 
variation  in  ambient  wind  velocity  was  found  to  have  an  influence 
on  system  lift.  Since  this  Is  an  uncontrollable  variable,  there 
is  a  paucity  of  data;  however,  there  Is  apparently  a  lift  variation 
with  forward  speed  such  that  at  very  low  velocities  on  the  order  of 
15  feet  per  second,  approximately  a  67.  loss  in  lift  is  experienced; 
this  is  recovered  at  wind  velocities  of  about  25  feet  per  second. 


Vertical  lift  is  plotted  in  Figure  91  as  a  function  of  corrected 
fan  speed  and  wind  velocity  with  the  louvers  set  at  zero  degrees. 
Figure  92  is  a  similar  plot  with  the  exit  louvers  removed  and  the 
exit  measuring  section  installed.  Lift  is  also  plotted  as  a 
function  of  exit  louver  angle  in  Figure  93  for  various  wind  speeds 
with  all  lift  data  corrected  to  1007.  fan  speed.  Figures  94a,  94b 
and  94c  show  lines  of  constant  suction  pressure  on  the  lower  wing 
surface  for  a  nearly  constant  fan  speed  and  3  =0®,  but  for  three 
different  wind  velocities:  0,  5,  and  15  mph.  Figure  95  is  copied 
from  Reference  3,  showing  the  distribution  of  static  pressure  on 
the  upper  surface  of  the  fuselage  measured  in  the  full  scale  fan-in- 
fuselage  testing  at  Ames  as  a  function  of  velocity  ratio, 

In  Figure  96  the  load  cell  readings  for  several  different  wind 
cases  are  shown  and  the  effective  center  of  lift  is  marked  for  each 
case.  Figure  97  shows  the  specific  load  cell  readings  as  they 
varied  from  predicted. 


With  this  variety  of  data,  analysis  of  the  so-called  "lift  droop" 
phenomenon  has  proceeded,  although  by  no  means  has  it  been  con¬ 
cluded.  Figures  91,  92  and  93  show  some  data  scatter  which  is 
likely  due  to  reduction  of  accuracy  with  gustiness;  there  is,  never¬ 
theless,  a  lift-droop  trend  which  can  be  observed.  Underving  static 
pressures  are  apparently  not  the  cause  of  this  lift  loss.  In 
Figures  94a,  94b  and  94c  the  actual  reduction  in  lift  was  measured 
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between  100  and  300  pounds,  but  the  variation  implied  by  pressure 
integration  between  any  two  runs  (at  constant  fan  speed)  had  a 
maxiiDum  value  of  only  50  pounds.  A  slightly  decreased  suction  is 
apparent  for  the  15  mph  case  over  the  5  mph  case  in  the  same 
direction  as  measured  lift  is  varying,  but  again,  of  much  less 
magnitude . 

The  similarity  of  Figure  ^1  and  92  indicates  no  change  in  the 
phenomenon  when  the  measuring  duct  is  installed.  (There  is  an 
increase  in  fan  momentum  lift  because  of  replacing  the  exit 
louvers  with  the  exit  duct  which  is  not  pertinent  to  this  dis¬ 
cussion.) 


Recirculation  was  negligible  in  accounting  for  any  lift  loss  since 
both  fan  and  J85  inlet  temperatures  were  within  1*F  of  the  ambient 
temperature  for  the  test  points  used  in  this  analysis. 


For  the  0,  5  and  15  mph  wind  velocities,  the  fan  rotor  discharge 
total  pressure  (P^  ^)  showed  no  appreciable  difference  between 

each  case.  If  a  flat  speed  line  is  assumed,  an  expression  can  be 
written  for  the  change  in  fan  flow  associated  with  a  depressed 
static  pressure  at  the  discharge; 


and 
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11 
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APs  Is  negative  and  was  a  maximum  value  of  O.A  inches  HaO  at 
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Hence,  underwing  static  pressure  reduction  could  be  responsible 
for  1/2%  increase  in  isass  flow  or  a  thrust  increase  of  17.  (about 
70  pounds).  The  0.4  inches  HaO  suction  used  in  this  calculation 
was  a  maximum  value;  the  nominal  difference  between  any  two  runs 
was  on  the  order  of  0.1  inch  HaO*  I*'  addition  to  the  change  in 
flow,  there  would  be  a  change  in  plug  thrust  in  the  opposite 
direction  which  would  reduce  the  effect  of  wing  pressure  on  fan 
momentum  lift  so  that  for  all  practical  purposes  the  fan  contri¬ 
bution  to  the  measured  thrust  is  independent  of  the  wing  under¬ 
side  pressure. 

Reviewing  the  load  cell  data,  it  is  seen  that  the  center  of  lift 
moves  slightly  forward  with  increased  wind  velocity  up  to  about 
10  mph  as  shown  in  Figure  96.  At  13  mph,  the  center  of  lift  be¬ 
gan  moving  back  toward  the  zero  forward  speed  position.  It  is 
apparent  from  Figure  97  that  the  loss  occurred  at  the  trailing 
edge  load  cell  with  the  leading  edge  lift  increasing  somewhat. 

There  was  also  a  very  slight  increase  in  the  tip  region. 

Smoke  studies  were  conducted  at  Evendale  to  give  a  gross  view  of 
the  stagnation  streamlines  bounding  the  flow  into  the  fan  and  also 
the  strength  of  any  Induced  flow  streams  above  or  below  the  wing. 

A  stagnation  line  was  clearly  defined  on  the  wing  upper  surface 
about  one  foot  from  the  trailing  edge,  although  it  was  not  possible 
to  quantitatively  identify  any  particular  variation  in  its  location 
with  any  test  variable.  (The  full-scale  results  of  the  fan-in- 
fusclage  at  Ames,  Figure  101,  generally  showed  an  effect  of  change 
in  upper  surface  static  pressure  with  forward  speed  such  that  the 
stagnation  point  shifts  slightly.)  The  sketch  in  Figure  98  shows 
qualitatively  the  air  flow  patterns  viewed  which  have  been  recorded 
on  film  for  the  Army  Film  Technical  Progress  Report  of  the  Lift  Fan 
Contract  DA  44-177-TC-584 . 
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In  spite  of  data  scatter,  the  trend  toward  a  lift  loss  of  about 
67.  between  5  and  15  tnph  cannot  be  mistaken.  This  "lift  droop" 
measured  is  plotted  in  Figure  99  as  a  function  of  crossflow  to 
through  flow  velocity  ratio.  It  is  at  this  point  necessary  to 
evaluate  the  data  against  one  more  variable,  horsepower.  The 
lift  droop  plotted  in  Figure  99  is  for  a  constant  fan  speed. 
Reviewing  the  specific  data  points  involved  such  as  readings  505 


and  507,  it 

can  be  shown 

that  a  major 

portion 

of  this  lift 

loss 

can  be  accounted  for  by  a 

i  change  in  fan  power 

absorption  as 

in- 

dlcated  in 

the  following 

tabulation : 

Read ing 

Approx. 

Wind 

Condition 

(mph) 

Thrust 
Corrected 
to  1007.  N 
(lbs.) 

7. 

Change 

HP  @ 

1007  N_ 

r 

7. 

Change 

505 

5  west 

6850 

- 

4295 

- 

507 

10  west 

6575 

4 

4134 

3.7 

The  power  reduction  corresponding  to  a  47.  thrust  reduction  based 

3/2 

on  the  fan  laws  would  be  (0.96)  or  67..  The  power  change 

measured  however  was  only  -3.77..  This  indicates  that,  if  the  fan 

1/3 

were  allowed  to  overspeed  by  (1.307)  or  «w  1.27.,  the  lift 

2 

would  Increase  by  (1.012)  or  2.57.. 

The  significance  of  this  is  that  there  are  apparently  two  aspects 
to  the  lift  droop  phenomenon; 

a.  power  absorption  effect 

b.  Induced  flow  effect 

Further,  from  analysis  of  the  available  data  it  appears  that  the 
Induced  effect  (l.e.,  the  variation  of  the  stagnation  streamline 
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position  on  the  wing  upper  surface  plus  the  associated  induced 
flow  fields)  is  a  smaller  and  relatively  constant  value  say  1.5 
to  2.57.  of  fan  lift.  The  remainder  of  the  lift  loss  can  be 
accounted  for  in  every  case  by  a  reduction  in  fan  power  absorbed. 
The  mechanism  by  which  the  wind  causes  the  fan  power  absorption 
to  vary  in  this  manner  is  not  defined,  however,  in  some  cases 
this  was  seen  to  be  as  much  as  7  to  87  in  power  change. 

Testing  of  a  fan-in-wlng  configuration  in  a  good  low-speed  tunnel 
with  appropriate  consideration  to  model  to  tunnel  size  relation¬ 
ship  and  with  static  pressure  surveys  conducted  on  the  wing  upper 
surface,  along  with  additional  data  to  analyze  flow  and  pressure 
changes  in  the  fan  with  wind  velocity  is  considered  essential  to 
further  understanding  of  this  problem.  It  is  likely  that  other 
variables  such  as  employment  of  flaps  would  be  significant,  in 
this  case  probably  advantageous  (reduction  of  upper  surface  area 
behind  fan).  Some  additional  insight  to  this  problem  is  antici¬ 
pated  during  the  forthcoming  fan-in-wing  wind  tunnel  program. 
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VI.  HARDWARE  INSPECTION  RESULTS 


A  complete  fan  disassembly  and  parts  Inspection  was  accomplished  in 

April  following  the  testing.  Detailed  inspection  results  for  each 

component  are  given  below: 

FORWARD  FRAME  AND  SCROLL 

1.  Bearings  showed  no  sign  of  wear. 

2.  The  frame  showed  no  sign  of  fatigue.  No  zyglo  inspection  was  made. 

3.  The  forward  honeycomb,  abradable  air  seal  was  rubbed  intermittently 
over  about  250”  of  the  circumference,  with  the  deepest  radial  rub 
at  the  12  o'clock  position  (1/8  inch).  The  maximum  axial  rub 
occurred  at  the  3  o'clock  position  and  penetrated  approximately 
3/8  inch.  These  are  pictured  in  Figures  100a  and  100b. 

4.  The  scroll  center  mount  (0»)  bolts  were  loose,  so  the  scroll  was 
removed  from  the  frame  to  tighten  this  mount.  The  bolts  had  been 
installed  with  an  asbestos  seal  around  the  bolt  head  to  prevent 
leakage;  the  asbestos  was  burned  away.  The  mount  was  reassembled 
without  this  packing.  Fan  001  has  this  same  part  eliminated. 

5.  The  studs  in  the  scroll  seals  were  badly  rusted  and  require  replace 
ment  with  A286  bolts. 

6.  All  finger  seals  were  in  place. 

7.  The  trunnion  mounts  were  zygloed  and  no  indications  were  found. 

8.  The  insulation  sections  were  visually  inspected  and  appear  to  be 
satisfactory. 
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REAR  FRAME 


1.  The  Insulation  blanket  had  two  spanwlse  rubs  from  the  turbine 
bucket  shrouds  (Figure  101).  This  is  the  first  rubbing 
experience  at  this  location.  Patches  were  made  to  fill  these 
cuts  from  the  back  side. 

2.  Two  saw  cuts  in  the  flange  on  the  active  arc  side  had  separated 
(Figure  102)  and  several  other  saw  cuts  were  compressed.  These 
have  been  relieved.  There  are  slight  indications  on  the  scroll 
where  the  rear  frame  interfered.  These  show  up  on  the  tie  rod 
support  legs  and  one  of  the  scroll  hot  section  re-inforcing  ribs. 
The  frame  and  tie  rod  support's  will  be  relieved  in  these  areas 

to  provide  more  room  for  thermal  growth. 

3.  The  exit  louvers  were  removed  and  reinstalled  twice  during  the 
test  program  to  acconmodate  the  exit  measuring  section  testing 
and  then  also  removed  at  teardown.  The  ends  of  the  aluminum 
louver  near  the  hot  stream  show  slight  buckling  and  one  was  bent 
at  the  tip  (Figure  103),  due  to  a  rub  on  the  heat  shield  installed 
to  cover  the  diverter  valve  mounts.  No  repair  is  planned.  Normal 
wear  on  the  louver  actuation  pins  was  noted.  Some  shimming  will 
be  required  at  reassembly  to  remove  excess  tolerance. 

4.  The  honeycomb  air  seals  had  a  slight  rub  at  12  o'clock, 

5.  No  turbine  shroud  seals  were  installed  during  this  test,  and  this 
did  not  result  in  any  apparent  adverse  effects  in  the  hardware, 
except  as  this  may  have  contributed  to  the  thermal  growth 
Interference  with  the  scroll  noted  above. 
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ROTOR 


1.  Four  spanwlse  cracks  were  found  in  the  forward  torque  band  at  the 
end  of  testing.  One  of  these  is  shown  in  Figure  104  (same  type  as 
observed  with  Fan  001,  buildup  No.  4). 

2.  The  disc  (SAE  4340  steel)  was  extremely  rusted,  showing  the  effect 
of  being  Installed  In  the  outside  facility  during  five  winter 
months.  This  has  been  cleaned. 

3.  Two  torque-band  tabs  had  slight  cracks  (via  zyglo)  similar  to 
Fan  001,  buildup  No.  4,  but  not  as  severe. 

4.  Platforms  were  zygloed  and  were  satisfactory. 

5.  One  retainer  ring  had  a  zyglo  indication  on  one  platform  tab.  This 
retainer  will  be  replaced. 

6.  Blades  magnafluxed  satisfactorily.  No  signs  of  dovetail  fretting  or 
wear . 

7.  One  carrier  had  a  zyglo  indication  about  1/4  inch  long  (Figure  105) 
on  the  side  rail  on  one  end.  This  carrier  will  have  to  be  replaced. 

8.  The  same  carrier  had  lost  part  of  one  bucket  tip  shroud  (Figure  106) 
and  this  may  account  for  the  insulation  blanket  rub  on  the  rear 
frame . 

9.  The  carrier  pins  have  not  been  measured  for  bow,  but  they  exhibit 
normal  bow  by  visual  inspection.  Currently,  these  are  considered 
expendable  and  are  replaced  at  every  buildup. 

10.  The  covers  showed  no  visible  signs  of  wear. 
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DIVERTER  VALVE 


The  valve  and  doors  were  zygloed  and  found  to  be  essentially  the  same 
as  before  test.  There  were  some  small  zyglo  indications  around  some 
spot  welds,  but  no  change  from  before  test.  A  few  minor  skin  ripples 
due  to  high  temperature  operation  were  noted. 

FRAME  DEFLECTION  TEST 

Prior  to  removing  the  fan  from  the  test  facility,  a  frame  deflection 
test  was  conducted.  The  fan  was  disconnected  from  the  wing  at 
9  o'clock  but  retained  In  the  wing  mounts  at  3,  6  and  12  o'clock. 

The  wing  fairing  was  removed  and  four  dial  Indicators  were  located 
on  the  top  edge  of  the  bellmouth.  The  fan  was  pre-loaded  at  the 
9  o'clock  position  with  25  pounds  weight  and  a  zero  reading  taken. 
Successive  readings  for  SO  pounds  additional  weight  were  taken  in  in¬ 
crements  to  225  pounds.  Then,  an  additional  weight  of  190  pounds  was 
used.  For  the  390  pounds  applied  after  the  preload,  the  maximum  de¬ 
flection  (at  the  9  o'clock  position)  was  0.185  Inches  and  is  shown  as 
a  function  of  load  In  Figure  107.  Data  were  recorded  at  three  other 
locations  and  are  included  In  the  figure. 

Calculated  deflection  of  the  9  o'clock  position  of  the  frames  In  the 
axial  direction  for  the  same  loading  Is  0.270  inches.  The  results 
indicate  the  frame  stiffness  to  be  better  than  predicted  since  the 
actual  deflection  was  31.5%  less  than  calculated.  The  circular  inlet 
vane  was  installed  for  the  deflection  test  and  any  added  stiffness 
from  this  Is  not  Included  in  the  calculation.  Measured  relative  move¬ 
ment  of  the  rotor  and  frames  during  gyro  testing  was  discussed  In  a 
previous  section  (Pitch  Maneuver  Loading) . 
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VII.  RECOMMENDATIONS 


The  nature  of  the  work  under  contract  DA  4A-TC-584  Is  such  that  specific 
individual  recommendations  are  made  in  the  regular  and  continuing  working 
relationships  between  the  contractor,  TRECOM  and  NASA-Ames.  Such 
reconmendations  arc  usually  presented  in  correspondence  and  in  the  bi¬ 
monthly  technical  progress  reports  and  are  not  restated  here.  Also, 
in  the  body  of  this  report,  individual  technical  recommendations  are 
Incorporated  in  the  technical  discussions  of  which  they  are  appropriately 
an  inseparable  part. 

The  Intent  of  this  part  of  the  report  is  to  summarize  the  major  program 
reconmendations  relating  to  the  continuation  of  the  work.  These  are: 

A.  Complete  the  present  contract  as  planned  which  includes  a  wind 
tunnel  test  program  for  the  X353-5  in  a  fan-in-wing  configuration 
to  be  conducted  at  the  NASA-Ames.  This  program  provides  for 
approximately  75  hours  of  wind  tunnel  testing  Including;  deter¬ 
mination  of  fan- in -wing  characteristics  and  problems  with  various 
fan  inlet  and  lift  configurations;  transition  studies;  longitudinal 
and  lateral  stability  determination;  roll,  pitch  and  yaw  control 
force  capabilities,  requirements  and  couplings;  conversion  point 
demonstration;  and  ground  effect  investigations.  For  part  of  the 
program,  a  rotor  with  reoriented  blades  for  a  higher  power  absorp¬ 
tion  -  speed  relationship  and  with  a  stronger  dovetail  attachment 
for  combined  load  margin  will  be  tested. 

B.  Begin  the  Flight  Research  Vehicle  Program,  as  currently  proposed, 
and  the  initiation  of  the  propulsion  system  and  aircraft  programs. 
This  will  permit  hardware  design  and  procurement  to  proceed  while 
the  results  of  item  (A)  and  previous  testing  are  used  to  define  the 
ground  and  flight  tests  of  the  Flight  Research  Program.  In  this 
way,  orderly  and  continuous  progress  can  be  made  toward  the  demon- 
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stratlon  of  a  lift  fan  powered  airplane  in  free  flight. 


C.  Both  TRECOM  and  General  Electric  make  available  to  the  NASA-Ames 
their  respectively  owned  lift  fans  at  the  conclusion  of  the  test¬ 
ing  described  in  item  (A) .  This  would  permit  possible  additional 
wind  tunnel  tests  of  the  NASA  fan-in-wing  wind  tunnel  model  modified 
to  incorporate  features  of  the  selected  flight  research  vehicle 
aircraft  and  would  provide  early  determination  of  the  aircraft 
characteristics . 

D.  Initiate  a  model  test  program  to  investigate  the  first  order  effects 
of  aircraft  configuration  variations  on  lift,  drag,  pitching  moment 
and  interactions,  and  to  identify  transition  requirements. 
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TABLE  A-3  TEST  RESULTS  (50  HOUR  FAN-IN-WING  TEST  -  EVENDALE)  Continued 
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TABLE  A-3  TEST  RESULTS  (50  HOUR  FAN-IN-WING  TEST  -  EVENDALE)  Continued 
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TABLE  A-3  TEST  RESULTS  (50  HOUR  FAN-IN-WING  TEST  -  EVENDALE)  Continued 
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JIOT  APfLIOBLE 


TABLE  A-5 


equally  (paced 
1  apart 


APPENDIX  B 


SAMPLE  J85  WEIGHT  FLOW  CALCULATION 


Reading  108: 

Four  static  pressures  were  measured  in  the  straight  section  of  the  J85 
bellmouth  approximately  eight  inches  ahead  of  the  front  frame; 


P 


amb . 


p 

s  2.0  ave. 

6 


A9.31  =  50.16  inches  H„0 

0.983  ^ 


Using  Figure  B-1,  bellmouth  flow  curve: 


^2.0*^^2.0  =  42.10  Ibs/sec. 


Obtain  compressor  bleed  from  Figure  B-2  for  N,q-//0-  . 

Jo3  2*0 


=  96 . 9Z : 


“bl=«d^2.0  ■ 


Weight  flow  after  compressor  bleed: 


^2.5'^^2.0  ~  ^2.0^^2.0  (1.000  -  0.023)  =  41.13  Ibs/sec. 

6  6 

Substractlng  eighth  stage  leakage  which  is  a  constant  value  of  0.87.*  to 
obtain  compressor  discharge  weight  flow  gives; 

^3.0^^2.0  =  ^2.5*^^2.0  (1.000  -  0.008)  =  40.80  Ibs/scc. 

6  6 


a 


Source : 


SAED,  GE,  Lynn,  Mass. 
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Obtain  weight  flow  at  J85  turbine  discharge  by  adding  fuel  flow: 
Fuel  flow  for  Reading  No.  108  =  2100  Ibs/hour 


W 


5.15 


=  W3.o^®2.0 


Ibs/sec.  + 


2.0 


2100 

3600 


Ibs/sec . 


=  40 . 80 

=  40.11 


0.983 

1.000 


+  0.58 


+  0.58 

=  40.69  Ibs/sec. 
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nF.RTVATION  OF  DIVERTER  VALVE  AND  SCROLL  LOSS  CURVES  AND  ANALYSIS  OF  DIVERTER 
VALVE  BLF-ED  AND  LIFT  FAN  HORSEPOWER 

Fan  system  loss  curves  were  derived  to  simplify  the  calculation  for  horse¬ 
power  at  the  fan  turbine  nozzle  inlet,  station  5.4.  Three  sets  of  curves 
were  made  to  cover  a  range  of  diverter  valve  bleed  up  to  87..  The  curves 
are  for  0%,  4%,  and  bleed. 

To  calculate  horsepower  an  Iterative  process  is  required.  The  first  cal¬ 
culation  assumes  07.,  47.,  or  87.  bleed.  The  weight  flow  at  station  5.4  is 
calculated  and  the  amount  of  bleed  is  obtained.  This  value  of  bleed  is 
then  used  for  the  second  calculation;  no  more  than  two  calculations  were 

required. 

Table  B-1  summarizes  the  calculations  used  to  derive  the  curves.  The 
following  is  the  method  used: 

A  range  of  station  5.15  Mach  numbers  was  selected.  Corresponding 
diverter  valve  and  diffusers  losses,  ^t5.3^^t5. 15’  taken  from 

the  full  scale  diverter  valve  test*  curves  (see  Figure  B-3) .  The 
flow  function  at  station  5.15  is  obtained  from  the  one-dimensional 
compressible  flow  equation: 

.  K  /W _ 

P  A  V  -*■  1 

t5.15  5.15  ^  V  -  1  -  1) 

The  flow  functions  at  the  scroll  inlet,  station  5.3,  and  the  fan 
turbine  nozzle  inlet,  station  5.4,  were  obtained  by  applying  the 
area  change,  pressure  change  and  weight  flow  change  between  these 
stations  and  the  station  5.15  flow  function  assuming  no  temperature 
change ; 


^Reference  4 
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'S .  3^  t5 . 3^ 
^t5.3^5.3 


5.15 

S.3 


5.3 

S.15 


^5.15'^^5.15‘^ 


^^t5 .3'^^t5. 15^ 


P  A 
t5. 15  5.15 


•S./^t5.4 

^5.4 


5.15 


^''5.15'^5.  15^ 

*’t5. 15^.15 


(^5.4/^5.15> 


The  scroll  inlet  Mach  number,  is  obtained  from  the  relation¬ 

ship  of  flow  function  versus  Mach  number  for  one-dimensional  com¬ 
pressible  flow.  The  scroll  inlet  total  to  static  pressure  ratio, 

P  /P  .,  is  obtained  from  the  isentropic  compressible  flow 
t5 . 3  s  5 . 3 

equation ; 


p  /p 

t  S 


(1  +  V  -  1  M=)  ^  ‘  ^ 

2 


The  scroll  pressure  loss  coefficient  corresponding  to  this  inlet 
Mach  number,  Table  Ill  in  reference  5  is: 


P 

? 


t5.3 

t5.3 


t5.4 


s5.3 


0.722 


Therefore  the  scroll  total  pressure  loss  as  a  function  of  scroll 
inlet  total  pressure  is: 


P 

P 


t5. 3 
t5. 3 


t5.4 


‘s5.3 


t5.3 


-  P 


t5.3 


t5.4 


t5.4* 

t5.3 


The  ratio  of  total  pressure  at  the  fan  turbine  nozzle  inlet  to  diverter 
valve  inlet  total  pressure  is  therefore: 

f ^t:5.4^  At5.3^  =  ^t5.4 

\t5.3/  VtS.iy  ^t5.15 
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The  ducting  losses  obtained  from  those  calculations  are  presented  In 
Figure  B-4  as  a  function  of  turbine  discharge  Mach  number, 

A  plot  of  P  „  ,/P  c  1C  versus  W.  ,/T^,.  ,  was  made  for  the  various 
t5.4  t5.15  5.4  to. 4 

^t5.4 

diverter  valve  bleeds  (see  Figure  B-5) . 

The  curve  of  P^.^  4/*’t5  15  ^t5  IS^^amb  ^^^sure  B-6)  was  obtained 

by  using  the  full  scale  scroll  test  flow  function  curve,  Figure  B-7, 
which  was  derived  from  the  Initial  lift  fan  testing  (reference  1)  and 
Figure  B-5.  At  the  point  of  choked  flow  through  the  scroll  the  flow 
function  Is  60.25.  This  represents  the  point  of  maximum  system  loss 
from  the  diverter  valve  Inlet  to  the  scroll  nozzle  inlet  so  each  of 
the  curves  was  made  level  beyond  this  point. 

An  example  of  the  use  of  these  curves  is  given  for  Reading  108; 


Assume  4%  bleed; 


/p  = 

t5.15'  amb 

1.934  (measured) 

t5.4^^t5. 

,15 

0.9150  (from  Figure  B-6) 

t5.4 

(^5 

/P  )  (P  )  =  (0.9150) 

.4  t5.15‘^  C5.15 

(28.045  psia)  => 

25.661  psla 

t5.15 

1584 

®R  (measured  data) 

• 

Apply  correction  factor 
Tt5.15  =  ^  = 


/T 


t5.15 


39.42 


”5.4'^^t5.4  =  60.25 


t5.4 


from  Figure  24  ; 
1554 'R 


(from  Figure  B-5) 
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39.22  Ibs/sec. 


w  /t 
5.y  5.4 


't5.4 


W 


5.4 


t5.4 


/T 


t5.4 


W 


5.15 


=  40.69  Ibs/sec. 


(See  previous  section  In  this  appendix, 
J85  weight  flow  calculation.) 


Therefore,  calculated  bleed  Is: 


1.47 

40.69 


(100) 


3.61X 


For  closer  agreement  between  assumed  and  calculated  bleed  assume  a 
second  bleed  value  equal  to  3.50%  and  Interpolate  Figures  B-5  and  B-6 
and  repeat  the  calculation  process: 


P  /P 
t5.4'^t5.15 


0.9155 


P  ,  =  (0.9155)  (28.045) 

t5 . 4 

^5.4’^'^t5.4  =  60.25 


25.675  psla 


W  =  (60.25)  (25.675)  =  39.24  Ibs/sec. 

39.42 


Calculated  bleed  =  (100)  =  3.567. 

Further  Iteration  is  not  required;  the  horsepower  at  station  5.4, 
assuming  isentropic  expansion  to  ambient  pressure,  is  then  obtained 
from  Figure  B-8  which  is  a  plot  of  ideal  gas  horsepower  function 
versus  total  to  ambient  pressure  ratio. 
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(Y  =  1.33,  Cp  =  0.273) 

=  <^5.15^^n,b>  ^^5 .4''^5 . 15^  =  (0.9155) 

=  1.770 

(HP/T^W)^  ^  =  0.0512  (from  Figure  B-8) 


HP-  /6/0 

5 . 4 


10.3 


(0.0512)  (T^5  ^)  (W^  ^) 

(0.0512  (1554)  (39.241 
(0.987)  (0.999) 


3166 


Diverter  valve  leakage  for  the  case  with  the  valve  doors  fully  closed 
can  be  determined  in  the  same  manner  as  bleed  percentage  is  obtained 
in  the  above  calculation  procedure.  For  example,  the  leakage  at  95^ 
J85-7  speed  from  Figure  15b  is  1.07.  of  Data  obtained  in 

Reference  4  inclcates  that  the  diverter  leakage  at  this  condition 
should  be  between  0.797.  and  0.977..  The  close  agreement  with  this  prior 
testing  of  the  leakage  obtained  by  the  calculation  procedure  used  in 
this  report  lends  confidence  to  the  accuracy  of  fan  turbine  Inlet 
weight  flow  determination. 
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FAN  WEIGHT  FLOW 

The  flow  calibration  curve  shown  in  Figure  B-9  was  obtained  from  the 
test  of  the  fuselage  installation  (Run  12)  with  the  inlet  duct  and 
exit  measuring  section  installed.  Flow  was  calculated  from  the  inlet 
duct  measurements  using  an  estimated  area  coefficient  of  0.97.  An 
exit  measuring  section  area  coefficient  of  0.952  results  when  this 
flow  is  compared  against  the  theoretical  flow  based  on  average  total 
pressure,  average  static  pressure  and  total  temperature  in  the  exit 
measuring  section. 

Run  25  (with  exit  measuring  section  installed,  but  without  the  inlet 
duct)  was  used  to  obtain  Figure  B-10  which  is  a  curve  of  fan  weight 
flow  versus  fan  bulletnosc  ambient  to  static  pressure  difference  for 
the  fan-in-wing  configuration. 

The  bulletnose  static  pressure  was  estimated  from  a  flux  plot  of  the 
fan-in-wing  configuration  (based  on  an  IBM  program  as  a  function  of 
weight  flow).  The  weight  flow  calculated  from  the  exit  measuring 
section  instrumentation  was  a  consistent  107.  lower  at  a  given  bullet- 
nose  static  pressure  depression  than  predicted  by  this  flux  plot. 

This  indicates  a  lower  level  of  velocity  around  the  bulletnose  than 

predicted . 


**  Refer  to  Performance  Calculation  Standards,  Table  A-1. 


124 


IJ 

II 

II 

u 

E 

III 

C 

!c 

c 

l! 

i; 

t 

li 

i; 


as 


2 

e 

3 

3 

e 

1 

3 

e 

8 

• 

o 

d 

t 

e 

o 

A 

• 

d 

e 

1 

: 

~ 

£ 

2 

s 

g 

O 

1 

» 

8 

» 

1 

« 

1 

3 

3 

» 

c 

» 

•> 

S 

2 

1 

i 

* 

8 

8 

i 

j 

o 

o 

M 

e 

•• 

d 

d 

d 

3 

“ 

s 

1 

3 

i 

3 

S 

£ 

» 

e 

2 

o 

1 

i 

» 

3 

3 

a 

e 

e 

04 

“ 

e 

d 

o 

d 

3 

•• 

•• 

1/) 

§ 

B 

3 

i 

•> 

; 

2 

• 

o 

e 

2 

3 

a 

M 

3 

2 

3 

3 

•> 

1 

1 

• 

o 

2 

8 

• 

a 

8 

O 

• 

d 

“ 

o 

d 

o 

•• 

-» 

“ 

" 

3 

£ 

3 

< 

I 

m 

<0S 

•> 

2 

i 

2 

8 

8 

s 

•> 

3 

1 

O 

ol 

*• 

e 

" 

e 

e 

o 

8 

* 

§ 

£ 

2 

2 

i 

1 

• 

• 

i 

g 

, 

, 

g 

1 

O 

d 

•• 

o 

* 

e 

d 

d 

8 

U 

40 

f 

3 

» 

2 

z 

i 

S 

8 

o 

3 

8 

»« 

i 

£ 

3 

, 

, 

0^ 

1 

m 

1 

; 

e 

d 

d 

O 

a 

d 

1 

d 

« 

M 

b) 

3 

£ 

i 

8 

i 

8 

* 

S 

3 

ea 

g 

1 

« 

o 

d 

•• 

•• 

d 

•• 

d 

d 

d 

d 

*• 

*• 

40 

M 

•0 

3 

i 

» 

2 

!! 

I 

2 

e 

1 

» 

o 

3 

a 

o. 

3 

2 

d 

3 

z 

d 

3 

1 

d 

• 

d 

•• 

• 

d 

• 

z 

H 

o 

1? 

2 

4 

3 

» 

1 

S 

s 

2 

e 

! 

8 

3 

, 

;  £  2  S  2  :  a  i  i 


££  I  seSsx 

»•»  3 


it  : 

•  •  •• 

9  2  ; 


2  =  S  £  £ 


!  ! 

I  e 


••  •  ^ 

I  i  S  s 

V  o  •  •  » 


S  2 


H-  Iri*  -  >  *•  ±-  K  ' 

5  .*  ^  <3*  t  .-  -  -  H  »  .. 


125 


;  I 


,il  4, 


J85-7  Speed  -  X  of  Design  g 

-  J85  COMPRESSOB  BLEED  VERSUS  J85  SPEED 


Total  Pressure  Ratio 


FIGURE  B-3  -  FULL  SCALE  DIVERTER  VALVE  LOSSES  AS  A  FUNCTION  OF 

TURBINE  DISCHARGE  MACH  NUMBER 


1  - 

1  28 

\ 


Ducting  Loss  -  X  of  Total  Pressure  at  Station 


-  DUCTING  LOSSES  VERSUS  TURBINE  DISCHARGE 
MACH  NUMBER 


1  29 


FIGURE  B-4 


Total  Prcaaura  Ratio 


Scroll,  S/N  002, Flow  Function 


W  /t 

5.4  t  5.4 


t  5.4 


FIGURE  B-5 


TURBIKE  DUCTING  TOTAL  PRESSURE  RATIO  (DIFFUSER  +  DIVERTER  VALVE  + 
SCROLL,  S/N  002)  VERSUS  SCROLL,  S/N  002, FLOW  FUNCTION 
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Tocal  Preature  Loaa 


FIGURE  B-6 


TURBINE  DUCTING  PRESSURE  LOSS  (DIFFUSER  4  DIVERTER  VALVE  4 
SCROLL,  S/N  002) 
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Ideal  Gas  Horsepower  Function  -  HP/T  W 


I 

1 


7* 


1-0  1.2  1.4  1.6  1.8  2.0  2.2 


•  Total  to  Ambient  Preaaure  Ratio  -  P  /P 

t  a 

FIGURE  B-8  -  IDEAL  GAS  HORSEPOWER  FUNCTION  VERSUS  TOTAL  TO  AMBIENT 

PRESSURE  RATIO 
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Weight  Flow  -  Percent  of  Design 


0  3  10  15  70  73  »  35  40 

P  -  P 

Bullctnosa  Aablent  to  Static  Prassura  Dlffaranca  -  T  s.  Inches  Marrlaa 
Fluid  (S.G.  -  1.75)  6 


Ficims  B-10 


FAN-IH-WING  INLET  WEIGHT  FLOW  VERSUS  BULLETNOSE  AMBIENT  TO 
STATIC  PRESSURE  DIFFERENCE 
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FIGURE  1  VIEW  OF  FAN  INSTALLED  IN  WING  SHOWING  EXIT  LOUVER 

ACTUAXICftJ  DETAaS 


O  -  Indicates  Data  Points 
Recorded  During  Test 


CO 

u 

«0 


FIGURE  2  -  DIFFERENTIAL  EXIT  LOUVER  ACTUATION  -  KECHA.MCAL 

ACTUATION  ANGLE  LIMITS 
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FIGURE  3 


VIEWS  OF  COHPLETE  TEST  VEHICLE,  AFTER  TEST 
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FIGURE  5  FAN  ASSEMBLY  SHOWING  INLET  BAFFLE  WELDED  TO  FORWARD  FRAME 
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FIGURE  7  -  UINC  DIMENSIONAL  DETAILS 
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WING  AT  -15°  ANGLE  OF  ATTACK  (AFTER  PITCH  MANEUVER) 


1  <6 


FIGURE  10b 


flGURE  11 


DIVERTER  VALVE  ACTUATION  SET  UP  FOR  SPLIT  PLOW  TESTING 
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FIGURE  15b  -  WEIGHT  FLOW  AT  DIVERTER  VALVE  INLET  (STATION  5.15)  AND 

FAN  TURBINE  NOZZLE  INLET  (STATION  5.4)  VERSUS  J85-7 
SPEED 
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75  85  95 

J85-7  Speed  -  Z  of  Design  N,_,//9- 

Jo5  Z ,0 


FIGURE  16b 


EXHAUST  GAS  TEMPERATURE  VERSUS  J85-7  SPEED 
(STRAIGHT  THROUGH  FLOW) 


Total  to  Ambient  Pressure  Ratio  P^/P 
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Diverter  VeLve  Poeltlonad  for  3.2X  Bleed 


8A  86  88  90  92  94  96  98  100  102 


J85-7  Speed  -  X  at  Deelgn  q 

FIGURE  19  -  TOTAL  TO  AMBIENT  PRESSURE  RATIO  AT  DIVERTER  VALVE 
INLET  (STATION  5.15)  AND  FAN  TURBINE  NOZZLE  INLET 
(STATION  5.4)  VERSUS  J85-7  SPEED 
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% 


Percent  Power  Loss  Relative  to  HPj  (Diverter 
Valve  Positioned  for  Approximately'  3.21  Bleed) 


Fan  with  Circular  Inlet  Vane  and  Exit  Louvera 
J85-7-004 


FIGURE  20b 


POWER  LOSS  RELATIVE  TO  DIVERTER  VALVE  INLET  (STATION  5.15) 
VERSUS  J85-7  SPEED 
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Horizontal 
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J85-7  Speed  -  X  of  Design  Njgj//5^ 

riGUM  22  -  J85-7  THRUST  VERSUS  SPEED 


161 


Ft  .-In-tfing  wlch  Circular  InlaC  Vane  and 
E:  c  Louvera 


Dlvertar  Valve  set  for  Approxlcsceiy  3.2%  diced 

II  tl  *•  ••  M  II  II 

"  "  Fully  Closed 

«l  II  tl  II 


B  -  o" 


2000  3000  4000  SOOO 


Horsepower  -  j 


riGUU  23 


FMI  SPEED  VEESUS  AVAILABLE  HORSEPOIIEB 


Rotor  Discharge  Preeeure  Coefficient 
(Referred  to  Ambient)  -  5 


0  =  Fan-ln-wlng  (X353-5-002)  ,  180*  Baffle,  Circular 

Inlet  Vane,  No  Facility  Walls . 

O  =  Fen-in-fuse'i*ge  (X353-5-001).  Deep  Inlet  Duct, 
No  Inlet  Vsne. 

□  =  Fsn-ln-wlng  (X353-5-002) ,  280*  Baffle,  No  Inlet 

Vane,  Facility  Walls  Up. 

O  =  Fan-ln-wlng  1X353-5-002),  No  Baffle,  No  Inlet 
Vane,  Facility  Walls  Up. 


Percent  Area 


FIGURE  28a  -  SUtWARY  OF  FAN  PRESSURE  COEFFICIENTS 
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Ficwa  33  EFFECT  OF  OTND  OH  F^I-IN-HINC  INTERNAL  PERFOBMANCE 

(INLET  VANE  AND  180  BAFFLE) 


riCUU  34  EFFBCT  OT  UIMD  OH  FAH 
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Rsdius  Rstio 

FIGL'RE  35  .  (X353-5-002)  ROTOR  l.,XET  AIR  ANGLES  VERSUS  RADIUS 

RATIO  AT  VARIOUS  THROTTLE  POSITIONS. 


Rotor  Inlet  Air  Angle  -  Degree*  Iron  Axial 


Rotor  Inlet  Air  Angle  •  Degrees  fro«  Axial 


FIGURE  38 


FIGURE  39  -  FAN-IN-WINC  THROTTLE  CHARACTERISTIC 


Rotor  Discharge  Pressure  Coefficient 


Fan  Total  Thrust  Extrapolated  to  100%  Fan  Speed  - 


Total  Thniit  -  F/6,  lbs. 


X353-5-002 


Fan  Speed  -  X  of  Design  ^ 

FIGURE  43  -  TOTAL  FAN  THRUST  VS.  FAN  SPEED  (FAN-IN-WING  WITH 

CIRCULAR  INLET  VANE  AND  EXIT  LOUVERS) 
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riOOTl  44  -  IflNTtOFIC  HOinpOWIB  AVAIULIU  at  vaiI  , 


X353»5-a02 


FIGURE  A5 


TOTAL  FAN  THRUST  VS.  ISENTROPIC  HORSEPOWER  AVAILABLE  AT 
FAN  TURBINE  NOZZLE  INLET  (FAN- IN-WING  WITH  CIRCULAR  INLET 
VANE  AND  EXIT  LOUVERS) . 


Total  Thrust  Ratio  -  F/Pat  0 


X353-5-002 

-  Fan-in-Wing 
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-  Fan-in-Fuaelage 

Vp 

*  0-5  mph 
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Fan-in-Fuselage  / 
Fan  Speed  Constant 


Fan-ln-Hlng 
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Exit  Louver  Angie  -  S  degrees 
FIGURE  47  -  TOTAL  THRUST  RATIO  VERSUS  INDICATED  LOUVER  ANGLE 


Total  Thruat  Ratio  -  F/p  at 
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Actual  Turning  Angle  -  0^,  Degrees 
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Vertical  Tlirust  to  Total  Thrust  Ratio  -  F  /F  at  0  Angle 
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Turning  Angle,  P 


Fan-in-Wing  ( 
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Actual  T 

FIGURE  50  -  VERTICAL  THRl 
ANGLE  (CONST/ 


-5-002)  with  Circular  Inlet 
and  Exit  Louvers. 


Horizontal  Thrust  to  Total  Thrust  Ratio 


Fan-ln-Wlng  (X353-5-002)  with  Circular 
Inlet  Vane  and  Exit  Louvers 


FIGURE  51  -  HORIZONTAL  THRUST  TO  TOTAL  THRUST  RATIO  VERSUS 
LOUVER  ANGLE  (CONSTANT  FAN  SPEED) 


191 


Vertical  Lift 


Fen -in -Wing  with  Circular 
Inlet  Vane  and  Exit  Louvers 


FIGURE  53  -  VERTICAL  LIFT  VERSUS  HORIZONTAL  THRUST  AT  CONSTANT 

FAN  HORSEPCVER  AND  SPEED  (FAN- IN-WINC) 
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THRUST  VECTORING  PLUS 


Use  of  Exit  Louver  System  for  Aircraft  Control  Power  (Fans- ln-«ing)  : 

1.  Roll  Trim  and  Control  .  Differential  Staggering 

2.  Yaw  Trim  and  Control  .  Differential  Vectoring 

3.  Hovering  Altitude  Control  .  Synmetr 1 ca 1  Staggering 

4.  Transition  Propulsion  Control  .  Symmetrical  Vectoring 

FIGURE  54  -  SCHEMATIC  -  DUAL  ACTUATED  STAGGERED  LOUVERS 
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Constant  Power 


Indicated  Average  Bxit  Louver  Angle  -  Degrees 


FIGURE  55  -  VERTICAL  AND  HORIZONTAL  TO  TOTAL  THRUST  RATIO  VERSUS 

INDICATED  AVERAGE  EXIT  LOUEER  ANCLE  AS  A  FUNCTION  OF 
STAGGER  ANGLE  (FAN- IN -WING  WITH  BAFFLE  AND  NO  INLET 
VANE) 
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Indicated  Average  Exit  Louver  Angle  -  0 


Degrees 


avc  ’ 

FIGURE  56  -  TOTAL  TO  TOTAL  THRUST  RATIO  VERSUS  INDICATED  AVERAGE 

EXIT  LOUVER  ANGLE  AS  A  FUNCTION  OF  STAGGER  ANGLE 
(FAN- IN-WING  WITH  BAFFLE  AND  NO  INLET  VANE) 


Horitontcl  to  Total  Thruat  Ratio,  Vertical  to  Total  Thrvat  Ratio  •  Ry/r  at 


Indicated  Average  Exit  Louver  Angle  -  B  Degrees 

ave 

FIGURE  57  -  VERTICAL  AND  HORIZONTAL  TO  TOTAL  THRUST  RATIO  VERSUS 

INDICATED  AVERAGE  EXIT  LOUVER  ANGLE  AS  A  FUNCTION  OP 
STAGGER  ANGLE  (FAN-lN-WlNG  WITH  INLET  VANE  AND  NO 
BAFFLE) 


Total  to  Total  Tliruat  Ratio 


-15  -10  0  10  2Q  30  40 

Indicated  Average  Exit  Louver  Angle  -  Degrcea 

FIGURE  58  -  TOTAL  TO  TOTAL  THRUST  RATIO  VERSUS  INDICATED  AVERAGE  EXIT 

LOUVER  ANGLE  AS  A  FUNCTION  OF  STAGGER  ANGLE  (FAN-IN-WINC 
WITH  INLET  VANE  AND  NO  BAFFLE) 
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Percent  Fan  Lift 


FIGURE  59  -  ACTUAL  AND  ESTIMATED  TRANSIENT  PERFORMANCE,  J85 

ACCELERATION 
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FIGURE  60  -  ACTUAL  AND  ESTIMATED  TRANSIENT  PERFORMANCE,  DIVERTER  VALVE 
SWITCH  FROM  CRUISE  MODE  TO  LIFT  MODE 
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One  SccAd  Divertkr  Valv* 
Switch  iron  Lift  ko  Cruia* 
Hoda  (Eikiaiated) 


O  1.3  Seccfcd  Oivertfcr  Valva 
Switch  fron  Lift  ko  Cruia 
Mode  (Ackual  Dat 


TlaM  after  Switching  Beglna  •  Saconda 

FIGURE  61  -  ACTUAL  AND  ESTIMATED  TRANSIENT  PERFORMANCE,  DIVERTER 
VALVE  SWITCH  FROM  LIFT  TO  CRUISE  MODE 
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PredlctAd  Performanca  -  Araa  Coapenaatad  Caae ; 
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Predicted  Performance  -  Dlvetter  Valve  Doora  Operated 
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FIGURE  64  -  COMPARISON  -  TEST  RESULTS  WITH  DIVIDED  FLOW  STUDY 
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5.15 

FIGURE  65  -  TORQUE  BAND  ■UMPERATURES  -  DIVIDED  FLOW  TEST 


station  S.l 


Station  8.0 


Divided  Flow  Teat  Points 


Reading 

No. 

Flat  Door 
Position,  A 
CDegrees) 

Curved  Door 
Position,  B 
(Dearees) 

“5.4 

454 

50.5 

53.0 

455 

52.5 

43.0 

456 

50.0 

37.0 

457 

49.0 

36.3 

0.895 

458 

49.0 

35.5 

459 

48.5 

35.0 

0.883 

460 

50.0 

50.0 

461 

51.0 

51.0 

462 

49.0 

49.0 

477 
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FIGURE  66  -  SCHEMATIC  OF  DIVERTER  VALVE  POSITIONED  FOR  DIVIDED  FLOW 
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FIGURE  67  -  TORQUE  BAND  STRESS  AS  A  FUNCTION  OF  PAN  SPEED  (SLUM  TRANSIENTS) 
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FIGURE  68  -  TORQUE  BAND  STRESS  AS  A  FUNCTION  OF  DTi/ERTER  VALVI 
ACTUATION  RATE 
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FIGURE  69  -  BLADE  STRESS  AS  A  FUNCTION  OF  J85  THROTTLE  TRANSIENTS 
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FICLUE  70  -  yAXIMl-M  FORWARD  TORQUE  BAND  TAtJG  STRESS  AS  A  FUNCTION  OF  J85  THROTTLE  TRANSIENTS 
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FIGURE  73  -  TIME  TO  MAXIMUM  BLADE  STRESS  VERSUS  SPEED  AT  MAXIMUM  BLADE  STRESS  (THROTTLE  TRANSIENTS) 
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FIGURE  74  - 


MAXIMUM  ROTOR  ACCELERATION  AS  A  FUNCTION  OF  SLEW  RATE 
SPEED  (J85  TOWER  SETTING) 


ANT) 


FAN  TERMINAL 


21.) 


V  V 
>  4J 

« s 

>. 

M  § 

•H 


U 

CO 


u  o 

U  0) 

CO  tt 


U  L>  U 

4)  V  0) 

CO  (0  CO 


T3  . 

a> 

V 

CL 

to 


P 


0) 

H 

c 

rt 

u. 


39$/pi?>I  -  ucj 90DY  JOlO)?  mniapxv;^ 


215 


FIGURE  75  -  MAXIMUM  ROTOR  ACCELERATION  VERSUS  FAN  TERMI^Ua  SPEED  FOR  VARIOUS  SLEW  RATES 
(DERIVED  FROM  TEST  DATA) 


FIGURE  76 


FAN’  SPEED  A’.D  ROTOR  ACCELERATION  VERSUS  TIME  AS  A 
FA^^'^^SSlNlL^S^EEDr  -^TE  (1700  RFM 
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FIGURE  77  -  FAN  SPEED  AND  ROTOR  ACCELERATION  VERSUS  TIKE  AS  A 

FUNCTION  OF  DIVERTER  VALVE  ACTUATION  RATE  (1910  RPM 
FAN  TERMINAL  SPEED) 
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FIGURE  78  -  FAS  SPEED  AND  ROTOR  ACCELERATION  VERSUS  TIME  AS  A  FUNCTION  OF 
DIVERTER  VALVE  ACTUATION  RATE  (2270  FAN  TERMINAL  SPEF.nl 
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FIGURE  79  -  FAN  SPEED  AND  ROTOR  ACCELERATION  VERSUS  TIME  AS  A 
FUNCTION  OF  DIVERTER  VALVE  ACTUATION  RATE 
(2450  FAN  TERMINAL  SPEED) 
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FIGURE  82  -  BLADE  STRESS  DUE  TO  GYRO  LOADING  ONLY  AlfD  ALSO  TOTAL  BLADE  STRESS 

DUE  TO  CCMBino  LOADS  AS  A  FUNCTION  OF  FREGES  SI  ON  RATE 
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FIGURE  83  -  EFFECT  OF  PITCH  MANEUVER  LOADING  ON  BLADE  STRESS 

(AT  CRITICAL  ROTOR  SPEED) 
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Change  in  Axial  Clearance  -  Inches 
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FIGURE  84  -  CHANGE  IN  AXIAL  CLEARANCE  (ROTOR  TO  FRONT  FRAME)  DURING  PITCH 
MANEUVERS  (3  O'CLOCK  POSITION) 
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FIGURE  87  -  HARDWARE  TEMPERATURE  AS  A  FUNCTION  OF  FAN  SPEED 
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FIGURE  89 


STATIC  hardware  TEMPERATURE  AS  A  FUNCTION  OF 
EXHAUST  GAS  TEMPERATURE 


FIGURE  94b  -  LINES  OF  CONSTANT  SUCTION  ON  THE  UNDER  SURFACE 
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FIGURE  96 


VARIATION  OF  I.OAD  CELL  READINGS 
FORWARD  SPEED. 
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AXIAL  RUB  AT  3:00  O'CLOCK  POSITION  -  FORWARD  FRAME 
AIR  SEAL 
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FIGURE  103  EXIT  LOUVER  AFTER  TIP  RUB 


FIGURE  105  CARRIER  SIDE  RAIL  CRACK  -  8X  KAGNIFICATICN 
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FIGURE  107  •  FRAKE  OEFLECTION  AS  A  FITNCTIOH  OF  BD1  AXIAL  LOAD 
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